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y=ax*+bx+c,a>0 


Exponential Function 


y=a,a>1 
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y=mx+b,m>0 


Square Root Function 
y=Vx 
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Quadratic Function 


y=ax?+bx+c,a<0 


Exponential Function 


y=a*,0<a<l 


Linear Function 
y=mx+b,m<0 


Cubing Function 


y=x3 


Rational Function 


y=2,a>0 


Logarithmic Function 
y=log,x,b>1 


Absolute Value Function 
y=|x 


Cube Root Function 
y=Wx 


Rational Function 


y=2,a<0 


Logarithmic Function 
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Jet travel, 472 

Kayaking, 472 

Luggage size, 312 

Marine travel, 104, 276, 556, 604, 607, 

667, 670, 763 

Minimizing tolls, 139 

Motorcycle stunt, 323, 393 

Motorcycle travel, 280, 603-604, 665 

Moving freight, 449 

Moving sidewalks, 104, 155, 472 

Navigation, 610 

Parking lots, 507, 608 

Point of no return, 281 

Rapid transit train, 37 

Rate of travel, 486 

River cruising, 109 

Riverboat speed, 467 

Road-pavement messages, 552, 554 

Sailing, 398, 608 

Sightseeing boat, 277 

Speed of a skidding car, 549 

Time and speed, 496 

Tour travel, 472 

Train speeds, 553 

Train travel, 275, 280, 317, 322, 746, 
764, 818 

Transporting by barge, 467 

Transporting cargo, 472 

Truck and car travel, 281 

U.S. public transit ridership, 160 

U.S. transcontinental railroad, 297 


Welcome to Intermediate Algebra. Having a solid grasp of the mathemati- 
cal skills taught in this book will enrich your life in many ways, both person- 
ally and professionally, including increasing your earning power and enabling 
you to make wise decisions about your personal finances. 


As | wrote this text, | was guided by the desire to do everything possi- 
ble to help you learn its concepts and skills. The material in this book has 
been developed and refined with feedback from users of the ten previous 
editions so that you can benefit from their class-tested strategies for 
success. Regardless of your past experiences in mathematics courses, | 
encourage you to consider this course as a fresh start and to approach 
it with a positive attitude. 


One of the most important things you can do to ensure your success 
in this course is to allow enough time for it. This includes time spent in 
class and time spent out of class studying and doing homework. To help 
you derive the greatest benefit from this textbook, from your study time, 
and from the many other learning resources available to you, | have 
included an organizer card at the front of the book. This card serves as a 
handy reference for contact information for your instructor, fellow 
students, and campus learning resources, as well as a weekly planner. It 
also includes a list of the Study Tips that appear throughout the text. You 
might find it helpful to read all of these tips as you begin your course work. 


Knowing that your time is both valuable and limited, | have designed 
this objective-based text to help you learn quickly and efficiently. You 
are led through the development of each concept, then presented with one 
or more examples of the corresponding skills, and finally given the opportu- 
nity to use these skills by doing the interactive margin exercises that 
appear on the page beside the examples. For quick assessment of your 
understanding, you can check your answers with the answers placed at 
the bottom of the page. This innovative feature, along with illustrations 
designed to help you visualize mathematical concepts and the extensive 
exercise sets keyed to section objectives, gives you the support and 
reinforcement you need to be successful in your math course. 


To help apply and retain your knowledge, take advantage of the new Skill 
to Review exercises when they appear at the beginning of a section and the 
comprehensive mid-chapter reviews, summary and reviews, and cumulative 
reviews. Read through the list of supplementary material available to 
students that appears in the preface to make sure you get the most out of 
your learning experience, and investigate other learning resources that may 
be available to you. 


Give yourself the best opportunity to succeed by spending the time 
required to learn. | hope you enjoy learning this material and that you will 
find it of benefit. 


Best wishes for success! 
Marv Bittinger 


Related Bittinger Paperback Titles 


e Bittinger: Fundamental College 
Mathematics, 5th Edition 

e Bittinger: Basic College 
Mathematics, 11th Edition 

e Bittinger/Penna: Basic College 
Mathematics with Early Integers, 
2nd Edition 

e Bittinger: Introductory Algebra, 
11th Edition 

e Bittinger/Beecher: Introductory 
and Intermediate Algebra, 
4th Edition 


Accuracy 

Students rely on accurate textbooks, 
and my users value the Bittinger 
reputation for accuracy. All Bittinger 
titles go through an exhaustive 
checking process to ensure accuracy 
in the problem sets, mathematical 
art, and accompanying supplements. 
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New in This Edition 


To maximize retention of the concepts and skills presented, five highly effective review features 
are included in the 11th edition. Student success is increased when review is integrated through- 
out each chapter. 


Five Types of Integrated Review 


Skill to Review exercises, found at the beginning of most sections, link to a section objective. 
These exercises offer a just-in-time review of a previously presented skill that relates to new 
material in the section. For convenient studying, section and objective references are followed 
by two practice exercises for immediate review and reinforcement. Exercise answers are given 
at the bottom of the page for immediate feedback. 


Skill Maintenance Exercises, found in each exercise set, review concepts from other sections 
in the text to prepare students for their final examination. Section and objective references 
appear next to each Skill Maintenance exercise. All Skill Maintenance answers are included in 
the text. 


A Mid-Chapter Review reinforces understanding of the mathematical concepts and skills just 
covered before students move on to new material. Section and objective references are 
included. Exercise types include Concept Reinforcement, Guided Solutions, Mixed Review, and 
Understanding Through Discussion and Writing. Answers to all exercises in the Mid-Chapter 
Review are given at the back of the book. 


The Chapter Summary and Review at the end of each chapter is expanded to provide more 
comprehensive in-text practice and review. 


e Key Terms, Properties, and Formulas are highlighted, with page references for convenient 
review. 

¢ Concept Reinforcement offers true/false questions to enhance students’ understanding of 
mathematical concepts. 

e¢ Important Concepts are listed by section objectives, followed by worked-out examples for 
reference and review and similar practice exercises for students to solve. 

e Review Exercises, including Synthesis exercises and two new multiple-choice exercises, are 
organized by objective and cover the whole chapter. 

e¢ Understanding Through Discussion and Writing exercises strengthen understanding by 
giving students a chance to express their thoughts in spoken or written form. 


Section and objective references for all exercises are included. Answers to all exercises in the 
Summary and Review are given at the back of the book. 


Chapter Tests, including Synthesis questions and a new multiple-choice question, allow students 
to review and test their comprehension of chapter skills prior to taking an instructor’s exam. 
Answers to all questions in the Chapter Tests are given at the back of the book. Section and 
objective references for each question are included with the answers. 


A Cumulative Review after every chapter starting with Chapter 2 revisits skills and concepts 
from all preceding chapters to help students recall previously learned material and prepare for 
exams. Answers to all Cumulative Review exercises are coded by section and objective at the back 
of the book to help students identify areas where additional practice is needed. 


A new design enhances the Bittinger guided-learning approach. Margin exercises are now 
located next to examples for easier navigation, and answers for those exercises are given at the 
bottom of the page for immediate feedback. 


Hallmark Features 


Revised! The Bittinger Student Organizer card at the front of the text helps students keep track 
of important contacts and dates and provides a weekly planner to help schedule time for classes, 
studying, and homework. A helpful list of study tips found in each chapter is also included. 


New! Chapter Openers feature motivating real-world applications that are revisited later in 
the chapters. This feature engages students and prepares them for the upcoming chapter 
material. (See pages 159, 411, and 579.) 


New! Real-Data Applications encourage students to see and interpret the mathematics that 
appears every day in the world around them. (See pages 100, 183, 264, 460, 646, and 672.) 
Many applications are drawn from the fields of business and economics, life and physical 
sciences, social sciences, medicine, and areas of general interest such as sports and daily life. 


Study Tips appear throughout the text to give students pointers on how to develop good study 
habits as they progress through the course, encouraging them to get involved in the learning 
process. (See pages 166, 221, 366, and 457.) For easy reference, a list of Study Tips by chapter, 
section, and page number is included in the Bittinger Student Organizer. 


Algebraic-Graphical Connections To provide a visual understanding of algebra, algebraic— 
graphical connections are included in each chapter beginning with Chapter 3. This feature gives 
the algebra more meaning by connecting it to a graphical interpretation. (See pages 248-249, 
390, and 595.) 


Caution Boxes are found at relevant points throughout the text. The heading “Caution!” alerts 
students to coverage of a common misconception or an error often made in performing a 
particular mathematics operation or skill. (See pages 115, 388, and 504.) 


Revised! Optional Calculator Corners are located where appropriate throughout the text. 
These streamlined Calculator Corners are written to be accessible to students and to repre- 
sent current calculators. A calculator icon indicates exercises suitable for calculator use. (See 
pages 83, 177, 391, and 598.) 


Immediate Practice and Assessment in Each Section 


OBJECTIVES == SKILL TO REVIEW == EXPOSITION = EXAMPLES WITH DETAILED 
ANNOTATIONS AND VISUAL ART PIECES == MARGIN EXERCISES == EXERCISE SETS 


Objective Boxes begin each section. A boxed list of objectives is keyed by letter not only to section 
subheadings, but also to the section exercise sets and the Mid-Chapter Review and the Summary 
and Review exercises, as well as to the answers to the questions in the Chapter Tests and Cumula- 
tive Reviews. This correlation enables students to easily find appropriate review material if they 
need help with a particular exercise or skill at the objective level. (See pages 324, 435, and 624.) 


New! Skill to Review exercises, found at the beginning of most sections, link to a section 
objective and offer students a just-in-time review of a previously presented skill that relates to 
new material in the section. For convenient studying, objective references are followed by two 
practice exercises for immediate review and reinforcement. Answers to these exercises are given 
at the bottom of the page for immediate feedback. (See pages 253, 527, and 633.) 
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Revised! Annotated Examples provide annotations and color highlighting to lead students 
through the structured steps of the examples. The level of detail in these annotations is a signifi- 
cant reason for students’ success with this book. This edition contains over 160 new examples. 
(See pages 389, 428, and 514.) 


Revised! The art and photo program is designed to help students visualize mathematical 
concepts and real-data applications. Many applications include source lines and feature graphs 
and drawings similar to those students see in the media. The use of color is carried out in a me- 
thodical and precise manner so that it conveys a consistent meaning, which enhances the read- 
ability of the text. For example, the use of both red and blue in mathematical art increases 
understanding of the concepts. When two lines are graphed using the same set of axes, one is 
usually red and the other blue. Note that equation labels are the same color as the correspond- 
ing line to aid in understanding. (See pages 129, 160, 189, 467, 624, and 647.) 


Revised! Margin Exercises, now located next to examples for easier navigation, accompany 
examples throughout the text and give students the opportunity to work similar problems for 
immediate practice and reinforcement of the concept just learned. Answers are now available at 
the bottom of the page. (See pages 356, 521, and 706.) 


Exercise Sets 

To give students ample opportunity to practice what they have learned, each section is fol- 
lowed by an extensive exercise set keyed by letter to the section objectives for easy review and 
remediation. In addition, students also have the opportunity to synthesize the objectives 
from the current section with those from preceding sections. For Extra Help icons, shown at 
the beginning of each exercise set, indicate supplementary learning resources that students 
may need. This edition contains over 1000 new exercises. 


e Skill Maintenance Exercises, found in each exercise set, review concepts from other sections 
in the text to prepare students for their final examination. Section and objective codes 
appear next to each Skill Maintenance exercise for easy reference. All Skill Maintenance 
answers are included in the text. (See pages 359, 532, and 592-593.) 

¢ Vocabulary Reinforcement Exercises provide an integrated review of key terms that 
students must know to communicate effectively in the language of mathematics. 
These appear once per chapter in the Skill Maintenance portion of an exercise set. 
(See pages 187, 353, and 568.) 

e Synthesis Exercises help build critical-thinking skills by requiring students to use what 
they know to synthesize, or combine, learning objectives from the current section with 
those from previous sections. These are available in most exercise sets. (See pages 267, 
381, and 737.) 


Mid-Chapter Review 

New! A Mid-Chapter Review gives students the opportunity to reinforce their understand- 
ing of the mathematical skills and concepts just covered before they move on to new material. 
Section and objective references are included for convenient studying, and answers to all the 
Mid-Chapter Review exercises are included in the text. The types of exercises are as follows: 


¢ Concept Reinforcement are true/false questions that enhance students’ understanding of 
mathematical concepts. These are also available in the Summary and Review at the end of the 
chapter. (See pages 282, 450, and 622.) 

¢ Guided Solutions present worked-out problems with blanks for students to fill in the correct 
expressions to complete the solution. (See pages 282, 450, and 622.) 

¢ Mixed Review provides free-response exercises, similar to those in the preceding sections in 
the chapter, reinforcing mastery of skills and concepts. (See pages 282, 450, and 622.) 

e¢ Understanding Through Discussion and Writing lets students demonstrate their under- 
standing of mathematical concepts by expressing their thoughts in spoken and written 
form. This type of exercise is also found in each Chapter Summary and Review. (See 
pages 283, 451, and 623.) 
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Matching Feature 

Translating for Success problem sets give extra practice with the important “Translate” step of 
the process for solving word problems. After translating each of ten problems into its appropri- 
ate equation or inequality, students are asked to choose from fifteen possible translations, 
encouraging them to comprehend the problem before matching. (See pages 277, 468, and 746.) 


Visualizing for Success problem sets ask students to match an equation or inequality with its 
graph by focusing on characteristics of the equation or inequality and the corresponding attri- 
butes of the graph. This feature appears at least once in each chapter that contains graphing in- 
struction and reviews graphing skills and concepts with exercises from all preceding chapters. 
(See pages 213, 308, and 377.) 


End-of-Chapter Material 

Revised! The Chapter Summary and Review at the end of each chapter is expanded to 
provide more comprehensive in-text practice and review. Section and objective references 
and answers to all the Chapter Summary and Review exercises are included in the text. 
(See pages 229, 401, and 661.) 


e Key Terms, Properties, and Formulas are highlighted, with page references for convenient 
review. (See pages 229, 401, and 661.) 


¢ Concept Reinforcement offers true/false questions to enhance student understanding of 
mathematical concepts. (See pages 229, 401, and 661.) 


e¢ New! Important Concepts are listed by section objectives, followed by a worked-out 
example for reference and review and a similar practice exercise for students to solve. 
(See pages 229-234, 401-404, and 661-664.) 


e Review Exercises, including Synthesis exercises and two new multiple-choice exercises, 
covering the whole chapter are organized by objective. (See pages 235-237, 404-406, 
and 664-666.) 


¢ Understanding Through Discussion and Writing exercises strengthen understanding by 
giving students a chance to express their thoughts in spoken or written form. (See pages 
237, 406, and 666.) 


Chapter Tests, including Synthesis questions and a new multiple-choice question, allow stu- 
dents to review and test their comprehension of chapter skills prior to taking an instructor’s 
exam. Answers to all questions in the Chapter Test are given at the back of the book. Section 
and objective references for each question are included with the answers. (See pages 319, 495, 
and 667.) 


New! A Cumulative Review now follows every chapter starting with Chapter 2; this review 
revisits skills and concepts from all preceding chapters to help students recall previously learned 
material and prepare for exams. Answers to all Cumulative Review exercises are coded by section 
and objective at the back of the book to help students identify areas where additional practice is 
needed. (See pages 321, 497, and 669.) 
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For Extra Help 
Student Supplements 


New! Worksheets for Classroom or Lab Practice 
(ISBN: 978-0-321-61374-5) 


These classroom- and lab-friendly workbooks offer the 
following resources for every section of the text: a list of 
learning objectives, vocabulary practice problems, and 
extra practice exercises with ample work space. 


Student’s Solutions Manual (ISBN: 978-0-321-61375-2) 
By Judith Penna 


Contains completely worked-out annotated solutions for all 
the odd-numbered exercises in the text. Also includes fully 
worked-out annotated solutions for all the exercises (odd- and 
even-numbered) in the Mid-Chapter Reviews, the Summary 
and Reviews, the Chapter Tests, and the Cumulative Reviews. 


Chapter Test Prep Videos 


Chapter Tests can serve as practice tests to help you study. 
Watch instructors work through step-by-step solutions to 
all the Chapter Test exercises from the textbook. Chapter 
Test Prep videos are available on YouTube (search using 
BittingerInterAlgPB) and in MyMathLab. They are also 
included on the Video Resources on DVD described below 
and available for purchase at www.MyPearsonStore.com. 


Video Resources on DVD Featuring Chapter Test Prep Videos 
(ISBN: 978-0-321-64063-5) 


Complete set of lectures covering every objective of every 
section in the textbook 


Complete set of Chapter Test Prep videos (see above) 

All videos include optional English and Spanish subtitles. 
Ideal for distance learning or supplemental instruction 
DVD-ROM format for student use at home or on campus 


InterAct Math Tutorial Website (www.interactmath.com) 


Get practice and tutorial help online! This interactive tutorial 
website provides algorithmically generated practice exercises 
that correlate directly to the exercises in the textbook. Students 
can retry an exercise as many times as they like with new 
values each time for unlimited practice and mastery. Every 
exercise is accompanied by an interactive guided solution that 
provides helpful feedback for incorrect answers, and students 
can also view a worked-out sample problem that steps them 
through an exercise similar to the one they’re working on. 


MathXL® Tutorials on CD (ISBN: 978-0-321-61373-8) 


This interactive tutorial CD-ROM provides algorithmically 
generated practice exercises that are correlated at the objective 
level to the exercises in the textbook. Every practice exercise is 
accompanied by an example and a guided solution designed to 


involve students in the solution process. Selected exercises may 


also include a video clip to help students visualize concepts. 
The software provides helpful feedback for incorrect answers 
and can generate printed summaries of students’ progress. 
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Instructor Supplements 


Annotated Instructor’s Edition (ISBN: 978-0-321-61369-1) 


Includes answers to all exercises printed in blue on the same 
page as the exercises. Also includes the student answer 
section, for easy reference. 


Instructor’s Solutions Manual (ISBN: 978-0-321-61371-4) 
By Judith Penna 


Contains brief solutions to the even-numbered exercises in 
the exercise sets. Also includes fully worked-out annotated 
solutions for all the exercises (odd- and even-numbered) in 
the Mid-Chapter Reviews, the Summary and Reviews, the 
Chapter Tests, and the Cumulative Reviews. 


Printed Test Forms (ISBN: 978-0-321-61370-7) 
By Laurie Hurley 


¢ Contains one diagnostic test and one pretest for each 
chapter, plus two cumulative tests per chapter, beginning 
with Chapter 2. 


New! Includes two versions of a short mid-chapter quiz. 


Provides eight test forms for every chapter and eight test 
forms for the final exam. 


For the chapter tests, four free-response tests are modeled 
after the chapter tests in the main text, two tests are 
designed for 50-minute class periods and organized so 
that each objective in the chapter is covered on one of the 
tests, and two tests consist of multiple-choice questions. 
Chapter tests also include more challenging Synthesis 
questions. 

For the final exam, three test forms are organized by 
chapter, three forms are organized by question type, and 
two forms are multiple-choice tests. 


Instructor’s Resource Manual 
(ISBN: 978-0-321-61376-9) 


e Features resources and teaching tips designed to help both 
new and adjunct faculty with course preparation and 
classroom management. 

New! Includes a mini-lecture for each section of the text 
with objectives, key examples, and teaching tips. 
Additional resources include general first-time advice, sam- 
ple syllabi, teaching tips, collaborative learning activities, 
correlation guide, video index, and transparency masters. 


Additional Media Supplements 
MyMathLab| MyMathLab® Online Course (access code required) 


MyMathLab is a series of text-specific, easily customizable online courses for Pearson Education’s 
textbooks in mathematics and statistics. Powered by CourseCompass™ (our online teaching and 
learning environment) and MathXL® (our online homework, tutorial, and assessment system), 
MyMathLab gives instructors the tools they need to deliver all or a portion of their course online, 
whether their students are in a lab setting or working from home. MyMathLab provides a rich and 
flexible set of course materials, featuring free-response exercises that are algorithmically gener- 
ated for unlimited practice and mastery. Students can also use online tools, such as video lectures, 
animations, interactive math games, and a multimedia textbook, to independently improve their 
understanding and performance. Instructors can use MyMathLab’s homework and test managers 
to select and assign online exercises correlated directly to the textbook, and they can also create 
and assign their own online exercises and import TestGen tests for added flexibility. MyMathLab’s 
online gradebook—designed specifically for mathematics and statistics—automatically tracks 
students’ homework and test results and gives the instructor control over how to calculate final 
grades. Instructors can also add offline (paper-and-pencil) grades to the gradebook. MyMathLab 
also includes access to the Pearson Tutor Center (www.pearsontutorservices.com). The Tutor 
Center is staffed by qualified mathematics instructors who provide textbook-specific tutoring for 
students via toll-free phone, fax, email, and interactive Web sessions. MyMathLab is available to 
qualified adopters. For more information, visit our website at www.mymathlab.com or contact 
your sales representative. 


Mathexp MathXL® Online Course (access code required) 


MathXL® is a powerful online homework, tutorial, and assessment system that accompanies 
Pearson Education’s textbooks in mathematics or statistics. 


With MathXL, instructors can 


° create, edit, and assign online homework and tests using algorithmically generated exercises 
correlated at the objective level to the textbook. 

¢ create and assign their own online exercises and import TestGen tests for added flexibility. 

¢ maintain records of all student work tracked in MathXL’s online gradebook. 


With MathXL, students can 


e take chapter tests in MathXL and receive personalized study plans based on their test results. 

e use the study plan to link directly to tutorial exercises for the objectives they need to study 
and retest. 

¢ access supplemental animations and video clips directly from selected exercises. 


MathxL is available to qualified adopters. For information, visit our website at www.mathxl.com, 
or contact your Pearson sales representative. 


TestGen® (www.pearsoned.com/testgen) enables instructors to build, edit, and print tests using 
a computerized bank of questions developed to cover all the objectives of the text. TestGen is 
algorithmically based, allowing instructors to create multiple but equivalent versions of the 
same question or test with the click of a button. Instructors can also modify test bank questions 
or add new questions. The software and test bank are available for download from Pearson 
Education’s online catalog. 


PowerPoint® Lecture Slides present key concepts and definitions from the text. Slides are 
available to download from within MyMathLab and from Pearson Education’s online catalog. 


Pearson Math Adjunct Support Center (http://www.pearsontutorservices.com/math-adjunct. 
html) is staffed by qualified instructors with more than 100 years of combined experience at both 
the community college and university levels. Assistance is provided for faculty in the following 
areas: suggested syllabus consultation, tips on using materials packed with your book, book- 
specific content assistance, and teaching suggestions, including advice on classroom strategies. 
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Planning for Success 


Success can be planned! 


This text is designed 

to help you succeed, so 
use it to your advantage! 
Learn to work smarter (not 
necessarily harder!) in your 
math course by studying 
more efficiently and by 
making the most of the 
helpful learning resources 
available to you with this 
text and through your 
course (see the Preface 
and Study Tips for more 
information). 


Schedule the time 
you need to succeed! 


At the start of the course, 
use the weekly planner 
on the reverse side 

to schedule time to study. 
Decide that success in this 
math course is a priority 
and give yourself 2 to 

3 hours of study time 
(including homework) 

for each hour of class 
instruction time that you 
have each week. (See the 
Study Tip on page 288.) 


Study the Study Tips! 


Even the best students can 
learn to study more effi- 
ciently. Read ahead, check 
off the Study Tips on this 
list that work best for you, 
and review them often as 
you progress through the 
course. One way to use the 
Study Tips is by category. 
For example, if you feel 
that you can make better 
use of your time, cover all 
the suggestions on time 
management. Before you 
take a test, revisit all the 
tips on test taking. 


Bittinger Student Organizer 


Record Important Contacts on this page, including your instructor, tutor, and campus math 
lab. Talk with your classmates and exchange contact information with at least two people so that you 
stay in touch about class assignments and help each other with study questions, etc. 


CONTACT NAME EMAIL 


PHONE FAX 


OFFICE HOURS | LOCATION 


Instructor 


Campus Tutor 


Campus Math Lab 


Classmate 


Classmate 


Supplements recommended by the instructor: 


Online resources (Web address, access code, password, etc.): 


Study Tips by Chapter, Section, and Page Number 


Chapter 1 

1.2 Using This Textbook (p. 92) 

1.3 Solving Applied Problems (p. 97) 

1.3 Take Time to Check (p. 103) 

1.3 Dimensions (p. 104) 

1.4 Learning Resources (p. 114) 

1.4 Video Resources on DVD Featuring 
Chapter Test Prep Videos (p. 117) 

1.4 Relying on the Answer Section (p. 120) 

1.5 Making Positive Choices (p. 136) 


oooogaag 


oo 


Chapter 2 


O 2.1 Small Steps Lead to Great 
Success (p. 162) 

O 2.1 Quiz-Test Follow-Up (p. 166) 

O 2.2 Asking Questions (p. 176) 

O 2.4 Homework Tips (p. 198) 

O 2.6 Highlighting (p. 221) 


Chapter 3 

3.2 Tune Out Distractions (p. 253) 

3.2. Preparing for and Taking Tests (p. 256) 
3.3 Five Steps for Problem Solving (p. 264) 
3.4 Problem-Solving Tips (p. 270) 

3.5 Being a Tutor (p. 284) 

3.5 Time Management (p. 288) 


ooooaoag 


Chapter 4 


4.1 Learning Resources on Campus (p. 325) 
4.2 Using the Supplements (p. 342) 

4.5 Forming a Study Group (p. 366) 

4.6 Worked-Out Solutions (p. 375) 

4.7 Reading Examples (p. 382) 

4.8 Skill Maintenance Exercises (p. 392) 


DOO o 


(learning resources in red, time management in blue, test-taking tips in green, other helpful tips in black) 


Chapter 5 


O 5.1 Working with a Classmate (p. 414) 
O 5.2 Working with Rational 
Expressions (p. 428) 
O 5.4 Time Management (p. 447) 
O 5.5 Are You Calculating or Solving? (p. 457) 
O 5.6 Studying the Art Pieces (p. 467) 


Chapter 6 

O 6.1 Avoid Distractions (p. 505) 

O 6.2 Learn from Your Mistakes (p. 515) 
O 6.3 Test Taking (p. 519) 

O 6.6 Aim for Mastery (p. 544) 

O 6.8 Getting Started (p. 559) 


Chapter 7 


O 7.1 Writing All the Steps (p. 588) 
O 7.2 Registering for Future Courses (p. 595) 
O 7.4 Take the Time! (p. 613) 
O 7.5 Key Terms (p. 626) 
O 7.6 Beginning to Study for the 
Final Exam (p. 636) 


Chapter 8 

O 8.6 Beginning to Study for the Final Exam: 
Three Days to Two Weeks of 
Study Time (p. 735) 

O 8.7 Beginning to Study for the Final Exam: 
One or Two Days of Study Time (p. 745) 


Chapter 9 


O 9.1 Budget Your Time (p. 770) 
O 9.2 Final Study Tip (p. 779) 


Scheduling Success Bittinger Student Organizer 


Plan to succeed! 


On this page, plan 

a typical week. 
Consider issues such 
as class time, study 
time, work time, travel 
time, family time, and 
relaxation time. 


Important Dates 


Mid-Term Exam 


Final Exam 


Holidays 


Other 
(Assignments, Quizzes, etc.) 


Weekly Planner 


TIME Sun. Mon. Tues. Wed. Thurs. Fri. Sat. 
6:00 AM 
6:30 
7:00 
7:30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 PM 
12:30 
1:00 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
5:30 
6:00 
6:30 
7:00 
7:30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 aM 


Review of 
Basic Algebra 


PART 1 


R.1 
R.2 
R.3 


PART 2 MANIPULATIONS 


R.4 


R.5 
R.6 


R.7 


SUMMARY AND REVIEW 


TEST 


Real-World Application 


OPERATIONS 
The Set of Real Numbers . 


Operations with Real Numbers 


Exponential Notation and 
Order of Operations 


Introduction to Algebraic 
Expressions 


Equivalent Algebraic Expressions 


Simplifying Algebraic 
Expressions 


Properties of Exponents 
and Scientific Notation 


The rate of triplet and higher-order multiple births in the United States is amare 
Write scientific notation for this birth rate. 
Source: U.S. National Center for Health Statistics 


This problem appears as Exercise 86 in Section R.7. 


To the student: 

At the front of the text, you will 
find a Student Organizer card. 

This pullout card will help you 
keep track of important dates 


and useful contact information. 


You can also use it to plan time 
for class, study, work, and relax- 
ation. By managing your time 
wisely, you will provide yourself 
the best possible opportunity to 
be successful in this course. 


Find the opposite of each number. 
Is ©) 


ZO 


3. 0 


Answers 
1-9 26 3.0 


(a) Set Notation and the Set of Real Numbers 


A set is a collection of objects. In mathematics, we usually consider sets of 
numbers. The set we consider most in algebra is the set of real numbers. 
There is a real number for every point on the real-number line. Some com- 
monly used sets of numbers are subsets of, or sets contained within, the set of 
real numbers. We begin by examining some subsets of the set of real numbers. 
The set containing the numbers —5,0, and 3 can be named {-—5, 0, 3}. 
This method of describing sets is known as the roster method. We use the ros- 
ter method to describe three frequently used subsets of real numbers. Note 
that three dots are used to indicate that the pattern continues without end. 


NATURAL NUMBERS (OR COUNTING NUMBERS) 
Natural numbers are those numbers used for counting: {1,2,3,...}. 


WHOLE NUMBERS 


Whole numbers are the set of natural numbers with 0 included: 
Na hs Ree 


INTEGERS 


Integers are the set of whole numbers and their opposites: 


fo 10, 4, 3,2) —1,0, 1,23, 4)..}): 


The integers can be illustrated on the real-number line as follows. 


Integers 
0, neither positive nor negative 


Negative integers | Positive integers 
A AC 


~ 
oo 4_4 4464466 6-@ 
-6-5-4-3-2-1 0123 45 6 


Opposites 


The set of integers extends infinitely to the left and to the right of 0. The 
opposite of a number is found by reflecting it across the number 0. Thus the 
opposite of 3 is —3. The opposite of —4 is 4. The opposite of 0 is 0. We read a 
symbol like —3 as either “the opposite of 3” or “negative 3.” 

The natural numbers are called positive integers. The opposites of the 
natural numbers (those to the left of 0) are called negative integers. Zero is 
neither positive nor negative. 


Do Exercises 1-3 (in the margin at left). } 
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Each point on the number line corresponds to a real number. In order 
to fill in the remaining numbers on the number line, we must describe two 
other subsets of the real numbers. And to do that, we need another type of 
set notation. 

Set-builder notation is used to specify conditions under which a number 
is in a set. For example, the set of all odd natural numbers less than 9 can be 
described as follows: 


{x|x is an odd natural number less than 9}. 
The set of < | 
all numbers x 
such that < 
x is an odd natural number less than 9. 


We can easily write another name for this set using roster notation, as follows: 


{1,3, 5, 7}. 


EXAMPLE 1 Name the set consisting of the first six even whole numbers 
using both roster notation and set-builder notation. 

Roster notation: {0, 2, 4, 6, 8, 10} 

Set-builder notation: {x|.x is one of the first six even whole numbers} 


) 


Do Exercise 4. 


The advantage of set-builder notation is that we can use it to describe 
very large sets that may be difficult to describe using roster notation. Such is 
the case when we try to name the set of rational numbers. Rational numbers 
can be named using fraction notation. The following are examples of rational 
numbers: 


5 12 -17 9 39 O 
8’ -7 15’ 7 1? 6 


We can now describe the set of rational numbers. 


RATIONAL NUMBERS 


A rational number can be expressed as an integer divided by a nonzero 
integer. The set of rational numbers is 


v | pis an integer, qis aninteger, andq # of. 
Rational numbers are numbers whose decimal representation either 


terminates or has a repeating block of digits. 


Each of the following is a rational number: 


5 6 3 
—= 0.625 and — = 0.545454... = 0.54. 
Terminating Repeating 


The bar in 0.54 indicates the repeating block of digits in decimal notation. 
Note that * = 39. Thus the set of rational numbers contains the integers. 


| Do Exercises 5 and 6. 


4. Name the set consisting of the 
first seven odd whole numbers 
using both roster notation and 
set-builder notation. 


Convert each fraction to decimal 
notation by long division and 
determine whether it is terminating 
or repeating. 

ea 
“16 
14 
13 


Answers 


4. {1,3,5,7,9, 11, 13}; {x| xis one of the first 
seven odd whole numbers} —_5. 0.6875; 
terminating 6. 1.076923; repeating 
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The real-number line has a point for every rational number. 


4.1 
H 
4 


However, there are many points on the line for which there is no rational 
number. These points correspond to what are called irrational numbers. 


—1.898898889... wa 
-VI10 / v2 oo / 
SS SS Se tt 
=§ =4 =3 =2=1 0° 2 3 


Numbers like 7, V2, —V/10, V13, and —1.898898889... are examples of 
irrational numbers. The decimal notation for an irrational number neither 
terminates nor repeats. Recall that decimal notation for rational numbers 
either terminates or has a repeating block of digits. 


IRRATIONAL NUMBERS 


Irrational numbers are numbers whose decimal representation 
neither terminates nor has a repeating block of digits. They cannot be 
represented as the quotient of two integers. 


The irrational number V2 (read “the square root 
of 2”) is the length of the diagonal of a square with 
sides of length 1. It is also the number that, when 1 
multiplied by itself, gives 2. No rational number can 
be multiplied by itself to get 2, although some 
approximations come close: t 


1.4 is an approximation of V2 because 
(14)? = (14)(14) = 1.96; 

1.41 is a better approximation because 
(1.41)? = (1.41)(1.41) = 1.9881; 


1.4142 is an even better approximation because 
(1.4142)* = (1.4142)(1.4142) = 1.99996164. 


We say that 1.4142 is a rational approximation of V2 because 
(1.4142)* = 1.99996164 ~ 2. 


The symbol © means “is approximately equal to.” We can find rational approx- 
imations for square roots and other irrational numbers using a calculator. 
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The set of all rational numbers, combined with the set of all irrational 
numbers, gives us the set of real numbers. 


REAL NUMBERS 


The set of real numbers is | 


{x|xis a rational number or x is an irrational number}. 


Every point on the number line represents some real number and every 
real number is represented by some point on the number line. 


V2 T 
ve b eam see? = f—b—a Z ia 4 vy 
umbets | Rational numbers = =) 7 Oo 1/ 2 5 3\ 4 
3 2 14 e 22 


The following figure shows the relationships among various kinds of 
real numbers. 


Irrational numbers: 


7.161161116... 


Negative integers: 
=119), = = 


| Do Exercise 7. 


7. Given the numbers 
2D, =10, =as¥, IGS), 


11 2 
AE yo Do 1 Dp ah 
ae Why =) AM 3 


9.34334333433334...: 
a) Name the natural numbers. 
b) Name the whole numbers. 
c) Name the integers. 


d) Name the irrational 
numbers. 


e) Name the rational numbers. 


f) Name the real numbers. 


Answer 


7. (a) 20, VI16; (b) 20, VI6, 0; 
(c) 20, -10, V/16, 0; (d) V7, —V2, 
9.34334333433334...; (e) 20, -10, 


ll 2 
—5.34, 18.999, a5’ V 160, 3) 6) 20, 10, 


11 2 
—5,34, 18.999, 7 V7, -V2, V16, 0, 3 


9.34334333433334... 
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Insert < or > for 


to write a true 


sentence. 
8. —5 [] -4 
9 ti 
4 D 
10. 87 [_] 67 


1s —=)8) ae 
o =eh 3 


12. 6.78 9,77 


4 
1S, == —0.86 
5) 
14 le 
14, 29 32 
iss = 
~ ig 15 
16. 1.8 1.08 
Answers 


&< 9> 10> 
13.> 14.< 15. > 
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ll <) 12. > 
16. > 


! EXAMPLES Use either < or > for 


(b) Order for the Real Numbers 


Real numbers are named in order on the number line, with larger numbers 
named further to the right. For any two numbers on the line, the one to the 
left is less than the one to the right. 


2<6 


| a oe | a oe | | 
I rr rn I 
=9 —8. =7 -6 -5.-4.-3 =2-1 0 L 23 4 5 &6 7 8 9 


a =F 


We use the symbol < to mean “is less than.” The sentence —9 < 6 
means “—9 is less than 6.” The symbol > means “is greater than.” The 
sentence —2 > —7 means “—2 is greater than —7.” A handy mental device is 


to think of > or < as an arrowhead that points to the smaller number. 


to write a true sentence. 


2.4 9 Since 4 is to the left of 9, 4 is less than 9,so 4 < 9. 
3. -8[]3 Since —8 is to the left of 3, we have —8 < 3. 
4. 7 =—12 Since 7 is to the right of —12, then 7 > —12. 
5, —21 —5 Since —21 is to the left of —5, we have —21 < —5. 
6. —2.7 -) Since _ = —1.5 and —2.7 is to the left of —1.5, we 
3 
have —2.7 < —-. 
2 
1 . 1 
7. ly =2.7 The answer is ly = =2.7. 
8. 4.79 4.97 The answer is 4.79 < 4.97. 
9. —8.45 [_] 1.32 The answer is —8.45 < 1.32. 
10. 7 o We convert to decimal notation (2 = 0.625 and 


7 7 
i 0.6363 .. } and compare. Thus, 2 < i j 


Do Exercises 8-16. 


All positive real numbers are greater than zero and all negative real num- 
bers are less than zero. 


If x is a positive real number, then x > 0. 
If x is a negative real number, then x < 0. 


Note that —8 < 5and5 > —8 are both true. These are inequalities. Every 
true inequality yields another true inequality if we interchange the numbers 
or variables and reverse the direction of the inequality sign. 


a < balso has the meaning b > a. 
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| EXAMPLES Write a different inequality with the same meaning. 

Write a different inequality with the 
same meaning. 

12. -3 >—8 The inequality —8 < —3 has the same meaning. 17.x>6 


Do Exercises 17 and 18. 1G, =A <= 7 


Expressions like a = b and b = a are also inequalities. We read a = b 
as “ais less than or equal to b.” We read a = bas “a is greater than or equal 
to b.” If ais nonnegative, then a = 0. 


ll. a<—-5 The inequality —5 > a has the same meaning. 


' EXAMPLES Write true or false. ene Obs: 
19. 6 = —9.4 
13. —8 = 5.7 True since —8 < 5.7 is true. 
14. -8=-8  Truesince —8 = —8 is true. 20. —18 = —18 
15. -7 = 44 False since neither —7 > 4} nor —7 = 44 is true. 4 
16. -$=-3  Truesince —2 = —0.666...and —? = —1.25 and eo ar 
—0.666...>—1.25. , 
24 25 
3 (eh, == SS 
Do Exercises 19-22. 27 28 
(c) Graphing Inequalities on the Number Line 
Some replacements for the variable in an inequality make it true and some 
make it false. A replacement that makes it true is called a solution. The set of 
all solutions is called the solution set. A graph of an inequality is a drawing 
that represents its solution set. 
EXAMPLE 17 Graph the inequality x > —3 on the number line. 
The solutions consist of all real numbers greater than —3, so we shade all ; 
numbers greater than —3. Note that —3 is not a solution. We indicate this by Graph each inequality. 
using a parenthesis at —3. Cs XS =Il 


-4-3-2-1 012 3 4 


The graph represents the solution set {x|x > —3}. Numbers in this set 


include —2.6, —1, 0, 7, V2, 34,5, and 123. 


' EXAMPLE 18 _ Graph the inequality x = 2 on the number line. 


We make a drawing that represents the solution set {x|x < 2}.The graph 
consists of 2 as well as the numbers less than 2. We shade all numbers to the 
left of 2 and use a bracket at 2 to indicate that it is also a solution. 


-4-3-2-1 0 12 3 4 ) 


Do Exercises 23-28. (Exercises 25-28 are on the following page.) 


Answers 


17.6 <% 18. 7 > —4 19. True 
20. True 21. False 22. True 


23. < soa Maal Gene a Cee ot emcee 
-10 


24. 
0 5 
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Match each inequality with one of the 


graphs shown below. 


SD 
Ls i 26.010) 
Pilg =A SS 3 28.2% 
a) 
{ t f } 
-4-3-2-1 0 12 3 4 
b) 
<4 $$} —}—$<—$ ===> 
-4-3-2-1 0 12 3 4 
C) 
—+—+—+—__—> 
-4-3 -2-1 0 12 3 4 
d) 
te 
-4-3 -2-1 0 12 3 4 
e) 
t t f t 
-4-3 -2 -1 0 12 3 4 
f) 
[ie 
-4-3 -2 -1 0 12 3 4 
8) 
f f { f f { 
-4-3 -2 -1 0 1 2 3 4 
h) 
ee ee 
-4-3 -2-1 0 12 3 4 


Find the absolute value. 


2x), |== 30. |2 
2s 2 
3 
1. eY5 |=233 
3 3 | 
Answers 
25. (a) 26. (c) 27. (g)_~—s-28. (d) 


1 3 
29.— 30.2 31. 2 


32. 2.3 
4 
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(d) Absolute Value 


We see that numbers like —6 and 6 are the same distance from 0 on the 
number line. We call the distance of a number from 0 on the number line 
the absolute value of the number. Since distance is always a nonnegative 
number, the absolute value of a number is always greater than or equal to 0. 


The distance from 6 to 0 is 6. 
Wa The absolute value of 6 is 6. 


The distance from —6 to Ois 6. 
The absolute value of —6 is 6. NN 


| \ 
T t 

=—6 0 6 
A J 


— 
6 units 


ABSOLUTE VALUE* 


The absolute value of a number is its distance from zero on the 
number line. We use the symbol |x| to represent the absolute 
value of a number x. 


To find absolute value: 


1. Ifanumber is negative, its absolute value is its opposite. 


2. Ifa number is positive or zero, its absolute value is the same as the 
number. 


EXAMPLES. Find the absolute value. 


19. |-7| The distance of —7 from 0 is 7, so |—7| is 7. 
20. |12| The distance of 12 from 0 is 12, so |12] is 12. 
21. |0| The distance of 0 from 0 is 0, so |0| is 0. 
22, |4|=4 
5 5 
23. |—3.86| = 3.86 ) 


Do Exercises 29-32. 


*A more formal definition of |x| is given in Section R.2. 
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z For Extra Help ~ 
Exercise Set MyMathLab ly “oe 8. 


READ REVIEW 


(a) Given the numbers —6, 0, 1, —3, —4, 4, 12, —§, 3.45, 53, V3, V25, —, 0.131331333133331 ...: 


1. Name the natural numbers. 2. Name the whole numbers. 3. Name the rational numbers. 


4. Name the integers. 5. Name the real numbers. 6. Name the irrational numbers. 


Given the numbers — V5, —3.43, —11, 12, 0, 34, —14, 7, —3.565665666566665...: 


7. Name the whole numbers. 8. Name the natural numbers. 9. Name the integers. 


10. Name the rational numbers. 11. Name the irrational numbers. 12. Name the real numbers. 


Use roster notation to name each set. 


13. The set of all letters in the word 14. The set of all letters in the word 15. The set of all positive integers less 
“math” “solve” than 13 

16. The set of all odd whole numbers 17. The set of all even natural 18. The set of all negative integers 
less than 13 numbers greater than —4 


Use set-builder notation to name each set. 


19. {0, 1, 2,3, 4, 5} 20. {4,5, 6, 7, 8, 9, 10} 
21. The set of all rational numbers 22. The set of all real numbers 
23. The set of all real numbers greater than —3 24. The set of all real numbers less than or equal to 21 
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a) Use either < or > for 


25. 13 [[] 0 


29.-8[]8 


33. —2 =12 


1 67 
37. 37 — =1—_— 
5 100 


26. 18 [_] 0 


30. 0 [] -11 


34. —7 —10 


38. —13.99 


to write a true sentence. 


—8.45 


Write a different inequality with the same meaning. 


41.-8>x 


Write true or false. 
45.6 = -6 


42.x <7 


46. -7 = -7 


ic ) Graph each inequality. 


49.x< -2 


5l.x S -2 
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Review of Basic Algebra 


27. -8 28. 7 [_| -7 
31. -8 [_] -3 32. —6 [_] -3 
il 11 
35. —9.9 —2.2 36. —13— [_] —— 
5 250 
6 14 27 
39. — — 40. -— [] -= 
13 25 15 53 
2 
43. -12.7 = y 44, 107 >t 
47.5 = -8.4 48. -11 = -13— 
50. x < -1 
<tt> 
-4 -3 -2 -1 0 1 2 3 4 
52.x 2-1 
—}+—_}+—_}—_+—_+—_+—_ + 
-4 -3 -2 -1 0 1 2 3 4 


Copyright © 2011 Pearson Education, Inc. 


53. x > -3.3 54. x <0 


-4 -3 -2 -1 0 1 2 3 4 


| 
» 
I 
wo 
I 
iS) 
| 
= 
o 
e 
NS 
wo 
» 


55.x = 2 56. x = 0 


-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4 


{ d) Find the absolute value. 


57. |-6| 58. |—3| 59. |28| 60. |16| 61. |—35| 
2 13 
62. |—127| 63. -2 64. |-33 65. |42.8| 66. |16.4| 
67. |986| 68. |465| 69. IS 70. ae 
-7 -15 


Synthesis 


To the student and the instructor: The Synthesis exercises found at the end of every exercise set challenge students to combine 
concepts or skills studied in that section or in preceding parts of the text. 


Use either < or = for to write a true sentence. 
71. |-3| 5 72. |—5| |—2| 73. |4| |—7| 74, |—-8| |8| 


75. List the following numbers in order from least to greatest. 
1 


2 1 1 9 
sy L1%,.. =,- 053%; 0.11, = %,. -0:009,.. —_..,. 0:286,-. =. 1%, — = 
11 a 7 a 8 2 1000 8 a 100 
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Add using the number line. 
il, = sr @) 


Answers 
1.4 22 3.-5 
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We now review addition, subtraction, multiplication, and division of real 
numbers. 


(a) Addition 


To gain an understanding of addition of real numbers, we first add using the 
number line. 


ADDITION ON THE NUMBER LINE 


To find a + b, we start at 0, move to a, and then move according to b. 


e Ifbis positive, move to the right. 
e Ifbis negative, move to the left. 
e Ifbis 0, stay at a. 


| EXAMPLES 


1. 6 + (—8) = —2: We begin at 0 and move 6 units right since 6 is positive. 
Then we move 8 units left since —8 is negative. The answer is —2. 


=6 

[es 
I I 
I 6 I 
I ——— aa} 
| | | 
| | | 

< ++ +++ +++ +> 

-7-6-5-4-3-2-101234567 
ZN 

6+ [=8) es 


2. —-3 + 7=4: We begin at 0 and move 3 units left since —3 is negative. 
Then we move 7 units right since 7 is positive. The answer is 4. 


3. —2 + (—5) = —7: We begin at 0 and move 2 units left since —2 is nega- 
tive. Then we move 5 units further left since —5 is negative. The answer 
is=7, 


Do Exercises 1-4. | 
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You may have noticed some patterns in the preceding examples. These 
lead us to rules for adding without using the number line. 


RULES FOR ADDITION OF REAL NUMBERS 


1. Positive numbers: Add the numbers. The result is positive. 
2. Negative numbers: Add absolute values. Make the answer negative. 
3. A positive and a negative number: 

e Ifthe numbers have the same absolute value, the answer is 0. 


e Ifthe numbers have different absolute values, subtract the 
smaller absolute value from the larger. Then: 


a) If the positive number has the greater absolute value, make 
the answer positive. 


b) If the negative number has the greater absolute value, make 
the answer negative. 


4. One number is zero: The sum is the other number. 


Rule 4 is known as the identity property of 0. It says that for any real 
number a, a + 0 = a. 


' EXAMPLES Add without using the number line. 


4. —13 + (-8) = —21 Two negatives. Add the absolute values: 
|—13| + |-8| = 13 + 8 = 21. Make the answer 
negative: —21. 


5. —2.1 + 8.5 = 6.4 One negative, one positive. Find the absolute 
values: |—2.1| = 2.1;|8.5| = 8.5. Subtract the 
smaller absolute value from the larger: 

8.5 — 2.1 = 6.4. The positive number, 8.5, has 
the larger absolute value, so the answer is 
positive, 6.4. 


6. —48 + 31 = -17 One negative, one positive. Find the absolute 
values: |—48| = 48; |31| = 31. Subtract the 
smaller absolute value from the larger: 

48 — 31 = 17. The negative number, —48, has 
the larger absolute value, so the answer is 
negative, —17. 


7. 2.6 + (—2.6) = 0 One positive, one negative. The numbers have 
5 the same absolute value. The sum is 0. 

8. - a 0=- 9 One number is zero. The sum is — 2. 
3 9 6 3 

9. =—= 
4 4 4 2 
2 5 16 15 1 

10. = = i 

3. 8 24 24 24 


Do Exercises 5-14. 


R.2 


Gh =o ar 7 
10. —7.4 + 0 
iil, 4! se (=7)) 
WA, =e ar CS) 

3 5) 
ah = 4b || == 
es 
3 Gl 
4 =S sb == 
5 10 
Answers 


5s 18 65-186: “Tee 
9.0 10. -7.4 11. -3 


1 
14. — 


i z 
4 10 


Operations with Real Numbers 


13 


Find the opposite, or additive 
inverse, of each number. 


15. —14 
2 
16. — 
3 


17. 0 


Caution! 


Asymbol such as —8 is usually 
read “negative 8.” It could be read 
“the opposite of 8,” because the 
opposite of 8 is —8. It could also 
be read “the additive inverse of 8,” 
because the additive inverse of 8 is 
—8. When a variable is involved, as 
in a symbol like —x, it can be read 
“the opposite of x” or “the additive 
inverse of x” but not “negative x,” 
because we do not know whether 
the symbol represents a positive 
number, a negative number, or 0. 
It is never correct to read —8 as 
“minus 8.” 


18. Evaluate —a when a = 9. 
3 
19. Evaluate —a when a = — 5° 
20. Evaluate —(—a) whena = —5.9. 


2 
21. Evaluate —(—a) when a = 3° 


Answers 


15.14 = 16. -2 17.0 18. -9 


(b) Opposites, or Additive Inverses 


Suppose we add two numbers that are opposites, such as 4 and —4. The 
result is 0. When opposites are added, the result is always 0. Such numbers are 
also called additive inverses. Every real number has an opposite, or additive 
inverse. 


OPPOSITES, OR ADDITIVE INVERSES 


Two numbers whose sum is 0 are called opposites, or additive inverses, 
of each other. 


EXAMPLES Find the opposite, or additive inverse, of each number. 

11. 8.6 The opposite of 8.6 is —8.6 because 8.6 + (—8.6) = 0. 

12. 0 The opposite of 0 is 0 because 0 + 0 = 0. 

13. —{ The opposite of —Zis 3 because —% + 7 = 0. ) 


To name the opposite, or additive inverse, we use the symbol —, and read 
the symbolism —a as “the opposite of a” or “the additive inverse of a.” 


Do Exercises 15-17. 


! EXAMPLE 14 Evaluate —x and —(—x) when (a) x = 23 and (b) x = —5. 


a) Ifx = 23, then —x = —23 = —23. The opposite, or additive 
inverse, of 23 is —23. 
Ifx = 23, then —(—x) = —(—23) = 23. The opposite of the opposite 
of 23 is 23. 


b) Ifx = —5, then —x = —(—5) = 5. 
Ifx = —5, then —(—x) (—(—5)) = -(5) = —5. ) 


Note in Example 14(b) that an extra set of parentheses is used to show 
that we are substituting the negative number —5 for x. Symbolism like ——x is 
not considered meaningful. 


Do Exercises 18-21. 


We can use the symbolism —a for the opposite of a to restate the defini- 
tion of opposite. 


OPPOSITES, OR ADDITIVE INVERSES 


For any real number a, the opposite, or additive inverse, of a, which 
is —a, is such that 


a+ (-a) = (-a) +a=0. 
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Signs of Numbers 


A negative number is sometimes said to have a “negative sign.” A positive 
number is said to have a “positive sign.” When we replace a number with its 


opposite, or additive inverse, we can say that we have “changed its sign.” 
22. Change the sign. 


EXAMPLES Change the sign. (Find the opposite, or additive inverse.) a) 11 

15. -3  —-(-3) =3 16.-3 —-(-3)=3 BW 

17.0 -0=0 18.14 -(14)=-14 ley 
d) x 


Do Exercise 22. e) -x 


We can now use the concept of opposite to give a more formal definition 
of absolute value. 


ABSOLUTE VALUE 


For any real number a, the absolute value of a, denoted |a 


, is given by 


ne a, ifa=0, Forexample, |8| = 8and|0| = 0. 
- |-a, ifa <0. Forexample, |—5| = —(—5) = 5. 


(The absolute value of a is a if a is nonnegative. The absolute value of a 
is the opposite of a if a is negative.) 


(c) Subtraction 


SUBTRACTION 


The difference a — bis the unique number c for which a = b + c. 


That i b = cifcisth b hthata = b+ Subtract. 
at is, a = cifcis the number such that a = i Se heer) 
24. —10 — 6 


For example, 3 — 5 = —2 because 3 = 5 + (—2). That is, —2 is the num- 
ber that when added to 5 gives 3. Although this illustrates the formal defini- 25.5-8 
tion of subtraction, we generally use the following when we subtract. 


733s 25 = es) 
SUBTRACTING BY ADDING THE OPPOSITE 2s =2 = (=8) 
For any real numbers a and b, on ili ( =) 

a-b=a+ (-b). 6 Re 

(We can subtract by adding the opposite (additive inverse) of the 29 2 (- 5 ) 
number being subtracted.) “3 6 

SOF ai 23 

EXAMPLES Subtract. b) -17 — 23 


— c) -17 — (=23) 
Vv 


19. 3-5=3+(-5) =-2 Changing the sign of 5 and adding 
20. 7 — (-3) =7 + (3) = 10 Changing the sign of —3 and adding 
21, -19.4 — 5.6 = -19.4 + (-5.6) = -25 anaes 
22. (a) -11; (b) 17; (©) 0; (d) x; (e)x 23. 17 
4 ( 2) 4 2 20 : 6 14 24.-16 25. -3 26,296 27.3 
3.05 15 15 15 


oh 
| 
| 


28.1 29. : 30. (a) —6; (b) —40; (c) 6 
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31. Look for a pattern and complete. 


4-5=20 -2-5= 


Gh 1h —<Oep= 
Di -4-5= 
NERS =§-5= 
0-5= =65 9)= 
Multiply. 
32. —4:-6 


33. (3.5)(—8.1) 


4 
3405 2 10 
5 


35. Look for a pattern and complete. 


4(—5) = -20 -1(-5) = 


3(-5) = -15 —2(—5) = 
2(—5) = 3(-5) = 
i 5)= a5) = 
0(—-5) = 5(—5) = 
Multiply. 
36. —8(—9) 


Answers 


31. 10,5, 0, —5, —10, —15, —20, —25, —30 
32. -24 33. —-28.35 34.-8 35. —10, 


8 
—5,0,5,10,15,20,25 36.72 37. 5 
38. 42.77 


Do Exercises 23-30 on the preceding page. 
(d) Multiplication 


We know how to multiply positive numbers. What happens when we multiply 
a positive number and a negative number? 


Do Exercise 31. 


THE PRODUCT OF A POSITIVE 
NUMBER AND A NEGATIVE NUMBER 


To multiply a positive number and a negative number, multiply their 
absolute values. Then make the answer negative. 


| EXAMPLES Multiply. 
23, -3-5=-15 24. 6-(-7) = —42 
25. (—1.2)(4.5) = —5.4 26. 3-(-4) =?- (-4) = -3 


Note in Example 25 that the parentheses indicate multiplication. 


Do Exercises 32-34. | 


What happens when we multiply two negative numbers? 


Do Exercise 35. 


THE PRODUCT OF TWO NEGATIVE NUMBERS 


To multiply two negative numbers, multiply their absolute values. 
The answer is positive. 


) EXAMPLES Multiply. 


27. -3-(-5) = 15 28. —5.2(—10) = 52 
29. (—8.8)(—3.5) = 30.8 30. (-#)-(-3) = i 
Do Exercises 36-38. 


(e) Division 


a 
The quotient a + b, or Db’ where b # 0, is that unique real number c 


for which a = b-c. 


The definition of division parallels the one for subtraction. Using this 
definition and the rules for multiplying, we can see how to handle signs when 
dividing. 
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| EXAMPLES Divide. 


10 
31. a —5, because —5 - (—2) = 10 


—32 
32. ta —8, because —8 - (4) = —32 
—25 
33. => 5, because 5 - (—5) = —25 
40 
34. i —10 35. -10 +5 = -2 
36. —— = +, or 0.25 a7. —~ =~, or33 
"-40 47°" “<3 37°" : 
The rules for division and multiplication are the same. 
Divide. 
—28 
To multiply or divide two real numbers: 39. — 14 
1. Multiply or divide the absolute values. 
; ; ie 40. 125 = (—-5) 
2. Ifthe signs are the same, then the answer is positive. 
3. Ifthe signs are different, then the answer is negative. i =715 
25 


Do Exercises 39-42. 42 A (21h) 


Excluding Division by Zero 


We cannot divide a nonzero number 7 by zero. By the definition of division, n/0 
would be some number that when multiplied by 0 gives n. But when any num- 
ber is multiplied by 0, the result is 0. Thus the only possibility for n would be 0. 
Consider 0/0. We might say that it is 5 because 5 - 0 = 0. We might also 
say that it is -8 because —8 - 0 = 0. In fact, 0/0 could be any number at all. 
So, division by 0 does not make sense. Division by 0 is not defined and is not 


possible. Divide, if possible. 
8 0 
' EXAMPLES Divide, if possible. 43. 0 44, 9 
7 
38. — Not defined: Division by 0. = 
0 Mi 5. 17 AG. Soe — BBE 
0 Dis = 255 Ko 
39. 7 0 The quotient is 0 because 0 - 7 = 0. 
40. Z Not defined: x — x = 0 for any x. ) Find the reciprocal of each number. 
KK 
4 
47. : 48. —— 
[Do Exercises 43-46. : 
9. ae ° 49. 18 50. —4.3 
Division and Reciprocals 
Two numbers whose product is 1 are called reciprocals (or multiplicative 51. 0.5 
inverses) of each other. 
PROPERTIES OF RECIPROCALS Answers 
39.2 40.-25 41.-3 42. 0.2 
Every nonzero real number a has a reciprocal (or multiplicative inverse) 43. Notdefined 44.0 45. Not defined 
1/a. The reciprocal of a positive number is positive. The reciprocal of a 46. Notdefined 47. ; 48. - 49. 4 
negative number is negative. 1 10 l 
50. , Or 51. ,or2 
43° 43 0.5 
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{ EXAMPLES Find the reciprocal of each number. 
52. Complete the following table. 


4 A 4 5 
Al. — Th i lis=,.b =], 
OPPOSITE RECIPROCAL 5 ade 4 owes 5 4 
(Additive (Multiplicative l l 
Inverse) Inverse) 42. 8 The reciprocal is 3° because 8 - rs =]. 
= = 3 2 3 2 3 
3 ~& D 43. — 3 The reciprocal is —3° because — a (-3) = 
4 : ee | 
= 44. 0.25 Th iprocal is —— or 4, because 0.25: 4 = 1. 
9 a 0.25 D 
3 Remember that a number and its reciprocal (multiplicative 
A inverse) have the same sign. Do not change the sign when taking the 
reciprocal of a number. On the other hand, when finding an opposite 
0.25 (additive inverse), change the sign. 
8 Do Exercises 47-52. (Exercises 47-51 are on the preceding page.) 
—5 We know that we can subtract by adding an opposite, or additive 
c inverse. Similarly, we can divide by multiplying by a reciprocal. 
Ss SSS eee 


RECIPROCALS AND DIVISION 


For any real numbers a and b, b # 0, 
a 1 
a~b= Db =a- mn" 


(To divide, we can multiply by the reciprocal of the divisor.) 


Divide by multiplying by the We sometimes say that we “invert the divisor and multiply.” 
reciprocal of the divisor. 
ee 3 7 ' EXAMPLES. Divide by multiplying by the reciprocal of the divisor. 
oe — 
45 ee si “Inverting” the divisor, 2 and multiplyin 
=r -2.(-2) "4.5 43 12 "5! lala 
2 - ” ( ‘) 2 ( *) 18 
46. : =—* = , Or 
3 3 a 3 4 12 
BB (<0) oe 51 5 
aa 7 3 21 ) 


ae: 5 (-4) Do Exercises 53-56. 


The following properties can be used to make sign changes. 


SIGN CHANGES IN FRACTION NOTATION 


For any numbers a and b, b # 0, 


ra_a__@ 4g 44 
b —b b -—b b 
Answers 
52. et ; 0.25, -=, or 4 8,555, 
1 6 36 We can illustrate this property with a = 4andb = 9: 
~510, does notexist 53. a 54. > 
—4 4 4 4.4 
55. 56. —8 = a and = 
* 40 : 9 =9 9 =9 9 
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. For Extra Help 
eran §=6EXercise Set 


| ew mG] 6 
MyMathLab fathexp WATCH DOWNLOAD READ REVIEW 


) sa 


1. -10 + (-18) 2. -13 + (-12) 3.7 + (-2) 4. 7 + (-5) 
5. —8 + (-8) 6. —6 + (-6) 7.7 + (-11) 8. 9 + (—12) 
9.-16+6 10. —21 + 11 11. —26 + 0 12. 0 + (—32) 
13. —8.4 + 9.6 14. —6.3 + 8.2 15. —2.62 + (—6.24) 16. —2.73 + (—8.46) 
5. 2 3. 41 11 5 3 7 
17,-~+= 18. -= += 19, -—— + | -— 20. -~ + ( -— 
: 9 9 : er A ? 12 ( =) : 8 ( x) 
2 3 3. 1 2 3 5 ff 
21.=+ (-— 22, -— + — 23, - + ~ 24,-=+(-= 
5 ( =.) 4 8 : 5 A 6 ‘ “) 
(b) Evaluate —a for each of the following. 
25.a=—-4 26. a= —9 27. a = 3.7 28. a= 0 
Find the opposite (additive inverse). 
29. 10 30. “5 31.0 32. —2x 
(c) Subtract 
33.3 — 7 34. 8 — 13 35. -5 —9 36. —6 — 14 
37. 23 — 23 38. 23 — (—23) 39. —23 — 23 40. —23 — (—23) 
41. —6 — (-11) 42. —7 — (-12) 43. 10 — (—5) 44, 28 — (-16) 
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with Real Numbers 19 


45. 15.8 — 27.4 


57. 3(-7) 
61. —8(—3) 
65. —6(—5.7) 


22 


73. (—4.2)(—6.3) 


13 (5 
6. -—-(-= 
ve. --(-5) 
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46. 17.2 — 34.9 


4 
54, -—— — = 
3. 5 
58. 5(—8) 
62. —5(—7) 
66. —7(—6.1) 


m2 


74. (—7.4)(—9.6) 


47. —18.01 — 11.24 


1 4 
55. -- = 
3. 5 
59. -2-4 
63. —7- 16 
3 4 
a 
i 7. 

71. —3(—4)(5) 
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48. —19.04 — 15.76 


60. —5-9 
64. —8- 19 
2 — 

4° 3 
72. —6(—8)(9) 
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fo 
(e@) Divide, if possible. 


—8 —16 56 63 
= = .— 82. —— 83. —77 + (-11 
79 A 80 3 81 =p 7 ( ) 
—5.4 —8.4 5 92 
84. —48 + (-6) 85. —_ 86. —— 87. — 88. — 
—-18 =12 0 0 
0 0 9 25> 2% 
89. — 90. — 91, —— 92.5 
32 17 y-y 2x — 2x 
Find the reciprocal of each number. 
3 9 7 5 
93. — <o = 96. —— . 
i 94 10 95 3 6 97. 25 
a 1 
98. —65 99. 0.2 100. 0.8 101. —— 102. — 
b 8x 
Divide 
2 ( 2) 3 ( °) 10 ( 2 ) 12 ( 3 ) 
103. = + | -— 104. = =| => 105. = =| == 106, =" = | = 
7 3 5 7 3 15 5 10 
107. 18.6 + (—3.1) 108. 39.9 + (—13.3) 109. (—75.5) + (15.1) 110. (—12.1) + (—0.11) 
3 2 5 1 
111. —48 = 0.4 112. 520 + (—0.13) 113. — = (-2) 114. — + (-3) 
4 3 8 2 


115 eh (-2) 116 7s (-2) 117 is (-3) 118 ae (-2) 
“ 4° \ 4 “ 9 \ 6 “ 3° \ 9 “ 5° \ 8 


119.) = (-2) 120. —-— + (-2) 121. —6.6 + 3.3 122. —44.1 + (—6.3) 
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=12 =L.9 48.6 


123. 3 124. 5 125. 35 
—17.8 =9 —8 
129. Complete the following table. 130. Complete the following table. 


OPPOSITE RECIPROCAL OPPOSITE RECIPROCAL 


(Additive (Multiplicative 


(Additive (Multiplicative 
NUMBER Inverse) Inverse) NUMBER Inverse) Inverse) 
2 
3 
= aG 
4 10 
0 =| 
1 0 
5 —6.4 
x,x #0 aa#od 
X J K y) 


Skill Maintenance 


This heading indicates that the exercises that follow are Skill Maintenance exercises, which review any skill previously studied in 
the text. You can expect such exercises in every exercise set. Answers to all skill maintenance exercises are found at the back of 
the book. If you miss an exercise, restudy the objective shown in red. 


23 7 
Given the numbers V3, —12.47, —13, 26, 77, 0, — 32” TD’ 4.57557555755557...: ([R.la] 
131. Name the whole numbers. 132. Name the natural numbers. 133. Name the integers. 
134. Name the irrational numbers. 135. Name the rational numbers. 136. Name the real numbers. 


Use either < or > for [_] to write a true sentence. [R.1b] 


137. -7 8 138. 5 139. —45.6 —23.8 140. 123 —10 


Synthesis 


141. The reciprocal of an electric resistance is called 142. What number can be added to 11.7 to obtain —73? 
conductance. When two resistors are connected in 


parallel, the conductance is the sum of the 

conductances, 
1 1 
—+—, 
ry] rg 


143. What number can be multiplied by —0.02 to obtain 


@) 
WA 
— () -—— —625? 
AAAs 


Find the conductance of two resistors of 12 ohms and 
6 ohms when connected in parallel. 
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(a) Exponential Notation 
Exponential notation is a shorthand device. For 3 - 3 - 3 - 3, we write 34. In 


the exponential notation 34, the number 3 is called the base and the number 
4 is called the exponent. 


EXPONENTIAL NOTATION 


Exponential notation a”, where nis an integer greater than 1, means 


‘a. 


n factors 


We read “a”” as “a to the nth power,” or simply “a to the nth.” 
We can read “a2” as “a-squared” and “a?” as “a-cubed.” 


non nnnn nena an anne enna cnn Caution! ------------------------------------------ 


a” does not mean to multiply n times a. For example, 3? means 3 - 3, or 9, 
not3- 2, or6. 


! EXAMPLES Write exponential notation. 
era ee ae 
2. xxxxx = 3° 


2.2.2.2. (2) 
3.-°---° > - T= 
333 3 \8 ) 


[ Do Exercises 1-3. 


' EXAMPLES Evaluate. 
4.97=9-9=81 


64 

. (0.1)4 = (0.1)(0.1)(0.1)(0.1) = 0.0001 

» (5)? = (5) (5)(—8) = 125 

. —(5°) = -(5-5-5) = —-125 

10. —(10)4 = —(10- 10- 10- 10) = —10,000 

11. (—10)4 = (—10)(—10)(—10)(—10) = 10,000 ) 


i 4 
2 3 
oo is 
8 8 


x 


o fw 


Note that —(10)* # (—10)4, as shown in Examples 10 and 11. In 
—(10)4, the sign is outside the parentheses; in (—10)*, the sign is inside the 
parentheses. 


[ Do Exercises 4-10. 


Write exponential notation. 
116 {2} 18} & {2} 2 £6} 


Evaluate. 


4, 34 


6. (—10)® 
8. (5.8)4 


10. (—3)4 


Answers 


7 3 
1.84 2. m® . (2) 
8 m 3 8 


6. 1,000,000 =_7. 0.008 
9. —256 10. 81 


Tao) 


9. —44 


4. 81 os 
: "16 


8. 1131.6496 
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Rewrite without exponents. 


11. 8! 

12 al)e 
13. 3° 

14, (—7)° 


15. y°, where y # 0 


Answers 
11.8 12.-31 13,1 141 
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15. 


1 


When an exponent is an integer greater than 1, it tells how many times 
the base occurs as a factor. What happens when the exponent is 1 or 0? We 
cannot have the base occurring as a factor 1 time or 0 times because there are 
no products. Look for a pattern below. Think of dividing by 10 on the right. 


On this side, 104 = 10- 10- 10- 10 = 10,000 
the exponents | 193 — 19 - 10- 10 = 1000 


decrease by 1 —_ a 
at each step. 10* = 10-10 = 100 
10! = 2 


10° =? 


On this side, 
we divide by 10 
at each step. 


In order for the pattern to continue, 10! would have to be 10 and 10° would 
have to be 1. We will agree that exponents of 1 and 0 have that meaning. 


EXPONENTS OF O AND 1 


For any number a, we agree that a! means a. 
For any nonzero number a, we agree that a means 1. 


EXAMPLES Rewrite without an exponent. 


12,4) 24 13. (-97)! = -97 
14, 69 = 1 15. (-37.4)9 =1 
Let’s consider a justification for not defining 0°. By examining the pattern 


3° = 1, 2° = 1, and 1° = 1, we might think that 0° should be 1. However, by 
examining the pattern 0° = 0, 0* = 0, and 0! = 0, we might think that 0° 
should be 0. To avoid this confusion, mathematicians agree not to define 0°. 


Do Exercises 11-15. 
(b) Negative Integers as Exponents 


How shall we define negative integers as exponents? Look for a pattern below. 
Again, think of dividing by 10 on the right. 


On this side, 
we divide by 10 
at each step. 


On this side, 10? = 100 
the exponents 10! -= 10 
decrease by 1 


0 

at each step. ie 
167! =? 
10°? =? 


In order for the pattern to continue, 107! would have to be 4 and 10-? would 
have to be sia This leads to the following agreement. 


NEGATIVE EXPONENTS 


For any real number a that is nonzero and any integer n, 


1 


hn — 
a = 7 
a” 
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EXAMPLES Rewrite using a positive exponent. Evaluate, if possible. 


0 re a gl 
16. y° = — 17 = t 
1 1 1 1 
18. (—2)°3 = 
ay" = 28” 2-2-2) 8 
1\~3 1 1 8 
(2)° 3 
5 (2) 1 1 25 «25 
5 (2) . 4 4 ) 


The numbers a” and a " are reciprocals because 


1 q” 
N.,q-n =n. = = 
a”-a a an a 1. 


For example, y? and y~? are reciprocals: 


Caution! 


A negative exponent does not necessarily indicate that an answer is 
negative! For example, 3-* means 1/32, or 1/9, not —9. 


Do Exercises 16-20. 


EXAMPLES Rewrite using a negative exponent. 


22. cai =(-7)4 5 


Do Exercises 21 and 22. 


(C) Order of Operations 


What does 8 + 2 - 5° mean? If we add 8 and 2 and multiply by 5%, or 125, we 
get 1250. If we multiply 2 times 125 and add 8, we get 258. Both results cannot 
be correct. To avoid such difficulties, we make agreements about which 
operations should be done first. 


RULES FOR ORDER OF OPERATIONS 
1. Do all the calculations within grouping symbols, like parentheses, 
before operations outside. 
2. Evaluate all exponential expressions. 
3. Do all multiplications and divisions in order from left to right. 
4. Do all additions and subtractions in order from left to right. 


Most computers and calculators are programmed using these rules. 


Rewrite using a positive exponent. 
Evaluate, if possible. 


16.7 17. (-4)3 


1 iS 
16, == 19. { — 
x3 i) 


Rewrite using a negative exponent. 


1 1 
Palle oF iD 7i 
a (—5) 
Answers 
1 1 
16.— 17.-— 18 x3 19. 125 
mt 64 sf 
16 
20.— 21.a% 22. (-5)4 
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| EXAMPLE 23 Simplify: —43 - 56 — 17. 
There are no parentheses or powers so we start with the third rule. 


—43 - 56 — 17 = —2408 — 17 Carrying out all multiplications and 
divisions in order from left to right 


= —2425 Carrying out all additions and 
subtractions in order from left to right 
) 
| EXAMPLE 24 Simplify: 8 + 2 - 5°. 
8+2-53=84+2-125 Evaluating the exponential expression 
= 8 + 250 Doing the multiplication 
= 258 Adding ) 
| EXAMPLE 25. Simplify and compare: (8 — 10)* and 8? — 102. 
(8 — 10)? = (—2)? = 4; 
8? — 10% = 64 — 100 = —36 
We see that (8 — 10)” and 8* — 10? are not the same. ) 


| EXAMPLE 26 Simplify: 34 + 62-8 — 2(29 + 33-4). 
34 + 62-8 — 2(29 + 33 - 4) 


= 34+ 62-8 — 2(29 + 132) Carrying out operations inside 
parentheses first; doing the 


multiplication 
= 34+ 62-8 — 2(161) Completing the addition inside 
parentheses 
ee = 81 + 62-8 — 2(161) Evaluating the exponential 
Simplify. expression 
rare. ek = 81 + 496 — 2(161) Doing the multiplication in 
24, 35 = 34. 32 = 81 + 496 — 322 order from left to right 
= 577 — 322 Doing all additions and 
25. 62-8 + 43 — (5* — 64 + 4) = 255 subtractions in order from left 
to right 


26. Simplify and compare: 


(7-4)? and 72 - 42. Do Exercises 23-26. } 


When parentheses occur within parentheses, we can make them different 
shapes, such as [ ] (also called “brackets”) and { } (usually called “braces”). 
Parentheses, brackets, and braces all have the same meaning. When parenthe- 
ses occur within parentheses, computations in the innermost ones are to be 
done first. 


| EXAMPLE 27 Simplify: 5 — {6 — [3 — (7 + 3)]}. 
5 — {6—([3—(7+3)]}=5-—{6—[3-10]} Adding7 +3 


=5- {6-[-7]} Subtracting 3 — 10 
=5- 13 Subtracting 

6 — [7] 
= -8 ) 


Answers 
23. -4117 24. 27. 25. 551-26. 9; 33 
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| EXAMPLE 28 Simplify: 7 — [3(2 — 5) — 4(2 + 3)]. 


7 — [3(2 — 5) — 4(2 + 3)] = 7 — [3(-3) — 4(5)] — Doing the calculations 
in the innermost 


grouping symbols first 
= 7—[-9 — 20] 
= 7-[-29] Simplify. 
= 36 ) Si. 8= (b= 2=@ £2} 
Do Exercises 27 and 28. Zab & ar 1G = [2 ae (G = 2)|} 


In addition to the usual grouping symbols—parentheses, brackets, and 
braces—a fraction bar and absolute-value signs can act as grouping 
symbols. 


i2\7 = S825 
BF 2° 
An equivalent expression with brackets as grouping symbols is 


[1217 - 91+ 8-5] + [37 + 23). 


' EXAMPLE 29 Calculate: 


What this shows, in effect, is that we do the calculations in the numerator and 
in the denominator separately, and then divide the results: 


12/7-9/+ 8-5 12|-2|+ 8-5 


32 4 23 ~ 94+8 Subtracting inside the 
absolute-value signs before re 
= 12(2) + 8-5 taking the absolute value Simplify. 
17 recs ideal ae) 
24+ 40 64 "52+ 68 
ae. * ag ) 


= 2 = 2 
oF (8 — 3)? + (7 — 10) 


Do Exercises 29 and 30. 32 — 23 


( Calculator Corner 


Order of Operations Computations are usually entered on a graphing calculator in the same way in which we would 
write them. To calculate 5 + 3 - 4, for example, we press G) GIG) GO) @) Gp. The result is 17. 
When an expression contains grouping symbols, we enter them using the qq and yp keys. To calculate 543%4 


71 — 2) — 24, we press TD QDVODYD OO] DOO OC SB. The result is 39. 7(11-2)-24 me 
Since a fraction bar acts as a grouping symbol, we must supply parentheses when entering some fraction (45+135)/(2-17) “ed 
45 + 135 


expressions. To calculate 3-7" for example, we enter it as (45 + 135) + (2 — 17). The result is —12. 


Exercises: Calculate. 


1.48 +=2-3-4-4 2.48 + (2-3-—4)-4 
172 - 311 
3. {(25 - 30) + [(2- 16) + (4- 2)]} + 15(45 + 9) 4. 6.7 
XQ S 
Answers 
27. -25 28.6 29.— 30. 34 
: : 7 : 
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: For Extra Help — - 
R.3 | MS Cacc MyMathLab |) 20 | a ree 
(a) Write exponential notation. 


1.4:4:4-4-4 2.6-6-6 
3.5°5*595 +55 ALX°X°X°X 
5. mmm 6. ttttt 
(ae ae ae 
sss . (3.8) (3.8) (3.8) (3.8) (3.8 
te i ie 8. (3.8) (3.8) (3.8) (3.8) (3.8) 
9. (123.7)(123.7 10 (-2)(-4)(-3) 
bd ( . ) * ) be 5 5 5 
Evaluate. 
11. 2? 12. 98 13. (-2)° 14, (-7)? 
1\4 6 3 4 
15. |, 16. (0.1) 17. (—4) 18. (—3) 
2 2 ? 1 d 
19. (—5.6) 20. (5 21.5 22. (V6) 
5 1 
23. 34° 24. (3) 25. (V6)° 26. (—4)° 
7 He 
27 (Z) 28. (—87)9 


(b) Rewrite using a positive exponent. Evaluate, if possible. 


=(!) (2) a. (2) = (2) 


37. (-11)! 38. (—4) 3 
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Rewrite using a negative exponent. 


1 
39. 34 


(c) Simplify. 


45. 12 — 4(5 - 1) 


48. 10[7 — 4(8 — 5)] 


51. [64 + (—4)] = (2) 


54. 30-10 — 18-25 


57. 23 + 24 — 20-30 


60. 48 + 20- 10+ 72 — 23 


63. 4000 - (1 + 0.12)8 


66. (43-6 — 14-7)? + (33 - 34)? 


40. 


43. 


46. 


49. 


52. 


55. 


58. 


61. 


64. 


67. 


6 — 4(8 — 5) 


Ge a7 


182) 327 


(13-2 — 8-4) 


5000 - (4 + 1.16)? 


18 293 = 9 


41. 


44, 


47. 


50. 


53. 


56. 


59. 


62. 


65. 


68. 


bs 
il 
(=8)° 
9[8 — 7(5 — 2)] 
[9(7 — 4) + 19] - [25 - (74 


19(—22) + 60 


(9 — 12)*; 9? — 122 


53 + 36-72 — (18 + 25: 4) 


(9-8+3-3)2 


(20-4 + 13-8)* — (39 - 15)3 


18 — (2-3-9) 
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69. 


72. 


75. 


78. 


81. 


84. 


87. 


90. 


93. 


96. 


(18 -2-3)-9 70. 
[(—32) + (-2)] + (-2) 73. 
4+(8- 10)? +1 76. 
53 + 20- 40 + 8% — 29 79. 


4°:5-2-6+4 


43/8 


8(—7) + 6(—5) 


14 — 2(-6) +7 


7+ 10 —(-10 + 2) 


28 — 10° 


30 
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82. 


85. 


88. 


91. 


94. 


97. 
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(18 — 2)(3 — 9) 


15 - (—24) + 50 


16 + (19 — 15)*-7 


5000 - (1 + 0.16)? 


8(7 — 3)/4 


[2 -(5 — 3) 


10(—5) + 1(-1) 


9+ (-3) + 16+ 8 


(3 — 8)? 


20 + 43 + (-8) 


71. 


74. 


77. 


80. 


83. 


86. 


89. 


92. 


95. 


98 


53 — 72 


19 — 5(-3) +3 


30-20 — 15-24 


63 + 25-71 — (16 + 25-4) 


4000 - (3 + 1.14)2 


4-(6 + 8)/(4 + 3) 


32-874 


. 2 x 10° — 5000 


Copyright © 2011 Pearson Education, Inc. 


99. —7(34) + 18 100. 6[9 — (3 — 4)] 101. 9[(8 — 11) — 13] 


20 — 67 
102. 1000 + (—100) + 10 103. 256 + (—32) + (-4 104. ~—_ > 
(—100) (32) + (4) ae 
52 — |43 — g| 4|6-—7|-5-4 
105. =. 106. ——______ 
ee aa 6-7-8/4-1| 
30(8 — 3) — 4(10 — 3 3 _ 32 : 
‘07: ( f= a ) igg 2 8 Pee 
10|2 — 6| — 2(5 + 2) 32 + (—16) + (4) 
Skill Maintenance 
Find the absolute value. [R.1d] 
9 
109. |-2 110. |2.3| 111. |0| 112. |-900| 
Compute. [R.2a, c, d] 
113. 23 — 56 114. —23 — 56 115. —23 — (—56) 116. —23 + (—56) 
2 15 
117. (—10)(2.3) 118. (—10)(—2.3) 119. 10(—2.3) 120. (-2\(-2) 
Synthesis 
Simplify. 
121. (—2)° — (—2)8 — (-2)71 + (-2)4 - (-2)2 122, 2(6! - 6! — 61 - 6°) 
123. Place parentheses in this statement to make it true: 9-5 + 2-8-3 +1 = 22. 
A é : 
The symbol f@4 means to use your calculator to work a particular exercise. 
124. fsa Find each of the following. 
12345679 -9 = 2 
12345679 - 18 = ? 
12345679 - 27 = ? 
Then look for a pattern and find 12345679 - 36 without the use of a calculator. 
125. fawa Find (0.2)(-02) 7, 126. fawa Determine which is larger: (27) V2 or (w2)r. 


127. Find (2 + 3)! and27! + 371 and determine whether they are equivalent. 
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ALGEBRAIC 
EXPRESSIONS 
10 t= 10 
oi) x—-5=10 
ile So ye lila 
y* + 2y y*+2y=1l+y 


1. Which of the following are 
equations? 
Gl) Sse se 7 
b) —3x — 7 = 18 
©) =See = 5) +t ily 
d) 7=t-4 


Answer 
1. (b) and (d) 


The study of algebra involves the use of equations to solve problems. 
Equations are constructed from algebraic expressions. The purpose of Part 2 
of this chapter is to provide a review of the types of expressions encountered 
in algebra and ways in which we can manipulate them. 


Algebraic Expressions and Their Use 
In arithmetic, you worked with expressions such as 


7 
91+ 76, 26-17, 14-35, 7+ 8, 2, and b= 35 
In algebra, we use these as well as expressions like 
d 
x +76, 26-q, 14:x, d+t, 2 and x* — y?. 


When a letter is used to stand for various numbers, it is called a variable. Let 
t = the number of hours that a passenger jet has been flying. Then f is a vari- 
able, because ¢ changes as the flight continues. If a letter represents one particu- 
lar number, it is called a constant. Let d = the number of hours in a day. Then 
dis a constant. 

An algebraic expression consists of variables, numbers, and operation 
signs, such as +, —,-, +. All the expressions above are examples of algebraic 
expressions. When an equals sign, =, is placed between two expressions, an 
equation is formed. 

We compare algebraic expressions with equations in the table at left. 
Note that none of the expressions has an equals sign (=). 


Do Exercise 1. J 


Equations can be used to solve applied problems. To illustrate this, con- 
sider the bar graph below, which shows farm income for several recent years. 


Farm Income 


$100 Bop rsescidce sce on essen aan esa SSR Ea SRBENABSKoAcuGsae 
75 
50 ae 


25 Pe 


Income (in billions) 


Year 
SOURCE: U.S. Department of Agriculture 
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Suppose we want to determine how much higher farm income was in 
2008 than in 2007. We can translate this problem to an equation, as follows: 


Farm income How much Farm income 
in 2007 plus more is in 2008 


Y YY 


88.7 + x = 92.3. 
To find the number that x represents, we subtract 88.7 on both sides of the 
equation: 
88.7 + x = 92.3 
88.7 + x — 88.7 = 92.3 — 88.7 Subtracting 88.7 
x = 3.6. 


We see that farm income was $3.6 billion higher in 2008 than in 2007. 


2. Refer to the graph on the 
preceding page. Translate to an 
equation and solve: How much 
higher was farm income in 2008 


| Do Exercise 2. than in 2006? 


(a) Translating to Algebraic Expressions 


To translate problems to equations, we need to know that certain words cor- 
respond to certain symbols, as shown in the following table. 


KEY WORDS 
ADDITION SUBTRACTION MULTIPLICATION DIVISION 

add subtract multiply divide 
sum difference product quotient 
plus minus times divided by 
total decreased by twice ratio 
increased by less than of per 
more than 

XN / 


Expressions like rs represent products and can also be written as r-: s, 
r X s,(r)(s), or r(s). The multipliers rand s are also called factors. A quotient 


m 
m ~ 5 can also be represented as m/5 or 3: 


EXAMPLE 1 Translate to an algebraic expression: Eight less than some 
number. 

We can use any variable we wish, such as x, y, f, m,n, and so on. Here we 
let t represent the number. If we knew the number to be 23, then the transla- 
tion of “eight less than 23” would be 23 — 8. If we knew the number to be 345, 
then the translation of “eight less than 345” would be 345 — 8. Since we are 
using a variable for the number, the translation is 


t— 8. Caution! 8 — t would be incorrect. ) 


R.4 


Answer 
2. 59.0 + x = 92.3; $33.3 billion 
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Translate to an algebraic expression. 


3. Sixteen less than some number 


4, Forty-seven more than some 


number 


5. Sixteen minus some number 


6. One-fourth of some number 


7. Six more than eight times some 


number 


8. Eight less than ninety-nine 
percent of the quotient of two 


numbers 


Answers 


3.x-16 4 y+ 47,or47+y 


6. at 7. 8x + 6,or6 + 8x 


8. 99% - © — 8, or (0.99) -5 — 8 
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5s. 16% 


EXAMPLE 2 Translate to an algebraic expression: Twenty-two more than 
some number. 


This time we let y represent the number. If we knew the number to be 47, 
then the translation would be 47 + 22, or 22 + 47. If we knew the number to 
be 17.95, then the translation would be 17.95 + 22, or 22 + 17.95. Since we 
are using a variable, the translation is 


y+ 22, or 22+y. ) 


EXAMPLE 3 Translate to an algebraic expression: Five less than forty-three 
percent of the quotient of two numbers. 


We let rand s represent the two numbers. 


‘ 
(0.43) -——5 43% = 0.48 


A 
————SSSS 
Five less than forty-three percent of the quotient of two numbers 
) 
EXAMPLE 4 Translate each of the following to an algebraic expression. 
PHRASE ALGEBRAIC EXPRESSION 
Five more than some number i oP SOs) ae I) 
1 t 
Half ofa number 5 t, or 2 
Five more than three times some number Spe), Oop 
The difference of two numbers a = 
Six less than the product of two numbers ge = @ 
76 
Seventy-six percent of some number 0.76z, or 1002 
Eight less than twice some number (6 = 33) 
3 J 
) 


Do Exercises 3-8. 


(b) Evaluating Algebraic Expressions 


When we replace a variable with a number, we say that we are substituting 
for the variable. Carrying out the resulting calculation is called evaluating 
the expression. 


EXAMPLE 5 Evaluate x — ywhen x = 83 andy = 49. 
We substitute 83 for x and 49 for y and carry out the subtraction: 


x — y= 83 — 49 = 34. 


The number 34 is called the value of the expression. ) 
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' EXAMPLE 6 Evaluate a/b when a = —63 and b = 7. 
9. Evaluate a + bwhena = 48 and 


We substitute —63 for a and 7 for b and carry out the division: b= 36. 
a_ —63 
-~=——=-9, 10. Evaluate x — ywhen x = —97 
b 7 ) e 
and y = 29. 
) EXAMPLE 7 Evaluate the expression 3xy + z when x = 2, y = —5, and 11. Evaluate a/b when a = 400 and 
Z= 7. b= -8. 


We substitute and carry out the calculations according to the rules for 


order of operations: 12. Evaluate 8t when ¢ = 15. 


3xy + z = 3(2)(-5) + 7 = -30 + 7 = -23. } 13. Evaluate 4x + 5y when x = —2 


and y = 10. 
Do Exercises 9-14. 
14. Evaluate 7ab — cwhena = —3, 


Geometric formulas must often be evaluated in applied problems. In the b = 4,andc = 62. 
next example, we use the formula for the area A of a triangle with a base of 
length b and a height of length h: 


A = $bh. 


| EXAMPLE 8 Area ofaTriangular Sail. The base ofa triangular sail is 6.4 m 
and the height is 8 m. Find the area of the sail. 


We substitute 6.4 for b and 8 for h and multiply: 


1 
2 

= 25.6 m2. } 
Do Exercise 15. 


) EXAMPLE 9 Evaluate 5 + 2(a — 1)* whena = 4. 
5+ 2(a—-1)=5+2(4-1)? — Substituting 


= 5 + 2(3)2 Working within parentheses first 

= 5 + 2(9) Simplifying 32 

=e Multiplying 15. Find the area of a triangle when 
= 23 Adding ) his 24 ft and bis 8 ft. 


) EXAMPLE 10 Evaluate 9 — x3 + 6 + 2y* whenx = 2andy=5. 
9-—x3+6+ 2y2=9-234+6+2(5)? Substituting 
=9-8+6+2-25 Simplifying 2° and 52 


=9 = 8+ 2*25 Dividing 16. Evaluate (x — 3)* when x = 11. 
= 9 = 8 oe 5 Multiplying 

‘ 17. Evaluate x* — 6x + 9 when 
=1+75 Subtracting eA 
= 76 Adding i 


18. Evaluate 8 — x3 + 10 = 5y? 


Do Exercises 16-18. when x = 4andy = 6. 


Answers 


9.84 10. —-126 11. —50 
12.120 13.42 14. —146 
15. 96ft? 16.64 17.64 18. 16 
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Exercise Set 


(a) Translate each phrase to an algebraic expression. 


1. 8 more than b 

3. 13.4 less than c 

5. 5 increased by q 

7. bmore thana 

9. x divided by y 
11. x plus w 
13. m subtracted from n 
15. The sum of p and q 
17. Three times q 
19. —18 multiplied by m 
21. The product of 17% and your salary 


23. Megan drove at a speed of 75 mph for t hours on an 
interstate highway in Arizona. How far did Megan 
travel? 


25. Jennifer had $40 before spending x dollars on a pizza. 


How much remains? 


(b) Evaluate. 


27. 23z, when z = —4 
a 
29. p’ When a = —24andb = —-8 


m-—n 
8 


31. , when m = 36andn = 4 


33. when 2 = 9andy =2 
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20. 


22. 


24. 


26. 


28. 


30. 


32. 


34. 


main = of 
DOWNLOAD READ REVIEW 


. 11 more than ¢ 


. 0.203 less than d 


. 18 increased by z 


. cmore than d 


. c divided by h 


. sadded to t 


. p subtracted from q 


. The sum of a and b 


. Twice z 


The product of —6 and t 
48% of the women attending 


Joe had d dollars before spending $19.95 on a DVD of the 
movie Citizen Kane. How much did Joe have after the 
purchase? 


Lance drove his pickup truck at a speed of 65 mph for 
thours. How far did he travel? 


57y, wheny = —8 


yr when x = 30 andy = -6 


, when p = 20 andg = 30 
p+q Pp q 


18m 
— When m = 7andn = 18 


For Extra Help 


MyMathLab |) 0 =. 


Copyright © 2011 Pearson Education, Inc. 


35. 2c + 3b, when b = 4andc = 6 36. 4x — y, when x = 3 andy = —2 
37. 25 — r2 +s + r2,whenr = 3ands = 27 38. n3 — 2+ p+ n*,whenn = 2andp = 12 
39. m+ n(5 + n?), when m = 15andn = 3 40. a* — 3(a — b), whena = 10andb = -8 


Simple Interest. The simple interest J on a principal of P dollars at interest rate r for t years is given by I = Prt. 


41. Find the simple interest on a principal of $7345 at 6% for 42. Find the simple interest on a principal of $18,000 at 4.6% 
1 year. for 2 years. (Hint: 4.6% = 0.046.) 

43. Area ofa Dining Table. The area A ofa circle with 44, Area ofa Parallelogram. The area A ofa parallelogram 
radius ris given by A = wr2. The circumference C of the with base b and height h is given by A = bh. Find the area 
circle is given by C = 27rr. The radius of Ray and Mary’s of a flower garden that is shaped like a parallelogram with 
round oak dining table is 27 in. Find the area and the a height of 1.9 m and a base of 3.6 m. 


circumference of the table. Use 3.14 for 77. 


Skill Maintenance 


Evaluate. [R.3a] 


45. 3° 46. (—3)° 47. (-10)2 48. (—10)4 49. (—5.3)2 
3\* 0 1 1 0 

50. (= 51. (4.5) 52. (4.5) 53. (3x) 54. (3x) 

Synthesis 

Translate to an equation. 

55. The distance d that a rapid transit train in the Denver 56. Marlana invests P dollars at 2.7% simple interest. Write 
airport travels in time ¢ at a speed ris given by speed an equation for the number of dollars N in the account 
times time. Write an equation for d. 1 year from now. 

Evaluate. 
x+y 3y 2.56y 

57. 3 + > when x = 2andy = 4 58. Bax? Wheny = 3andx=4 
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Complete each table by evaluating 
each expression for the given values. 
Then look for expressions that may 
be equivalent. 


Ee | 


Answers 


1. —10, —10, —18; 40, 40, 72; 0, 0,0;6x — x and 
5x are equivalent. 2. 1, 13; 64, 34; 60.84, 
32.04; the expressions are not equivalent. 


(a) Equivalent Expressions 


When solving equations and performing other operations in algebra, we 
manipulate expressions in various ways. For example, rather than x + 2x, we 
might write 3x, knowing that the two expressions represent the same number 
for any allowable replacement of x. In that sense, the expressions x + 2x and 
3x are equivalent, as are 5/x and 5x/x*, even though 0 is not an allowable 
replacement because division by 0 is not defined. 


EQUIVALENT EXPRESSIONS 


Two expressions that have the same value for all allowable 
replacements are called equivalent expressions. 


EXAMPLE 1 Complete the table by evaluating each of the expressions 
x + 2x, 3x, and 8x — x for the given values. Then look for expressions that are 
equivalent. 


ie = =2 | 


56 = 15) | | 


Se 
X 


We substitute and find the value of each expression. For example, for 
x= -2, 


x + 2x = -2 + 2(-2) =-2-4=-6, 
3x = 3(—2) = —6, and 
8x — x = 8(-2) — (-2) = -16 + 2 = -14. 


| 


Note that the values of x + 2x and 3x are the same for the given val- 
ues of x. Indeed, they are the same for any allowable real-number re- 
placement of x, though we cannot substitute them all to find out. The 
expressions x + 2x and 3x are equivalent. But the expressions x + 2x 
and 8x — x are not equivalent, and the expressions 3x and 8x — x are not 
equivalent. Although 3x and 8x — x have the same value for x = 0, they are 
not equivalent since values are not the same for all x. 


Do Exercises 1 and 2. | 
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(b) Equivalent Fraction Expressions 


For the remainder of this section, we will consider several properties of real 
numbers that will allow us to find equivalent expressions. 


THE IDENTITY PROPERTY OF 1 


For any real number a, 
a:l=1-a=a4. 


(The number 1 is the multiplicative identity.) 


We will often refer to the use of the identity property of 1 as “multiplying 
by 1.” We can use multiplying by 1 to change from one fraction expression to 
an equivalent one with a different denominator. 


) EXAMPLE 2 Use multiplying by 1 to find an expression equivalent to 2 
with a denominator of 10x. 


Because 10x = 5 - 2x, we multiply by 1, using 2x/(2x) as aname for 1: 


3 3 3 2x 3.-2x 6x 
5 5 5 2x 5:-2x 10x’ 


3. Use multiplying by 1 to find an 
expression equivalent to 2 witha 
denominator of 7y. 


Note that the expressions 3/5 and 6x/(10x) are equivalent. They have the 
same value for any allowable replacement. Note too that 0 is not an allowable 
replacement in 6x/(10x), but for all nonzero real numbers, the expressions 
3/ 5 and 6x/ ( 10x) have the same value. ) 4. Use multiplying by 1 to find an 
expression equivalent to 2 with 


| Do Exercises 3 and 4. a denominator of 44x. 


In algebra, we consider an expression like 3/5 to be a “simplified” form of 
6x/(10x). To find such simplified expressions, we reverse the identity prop- 
erty of 1 in order to “remove a factor of 1.” 


| EXAMPLE 3. Simplify: z 


We do the reverse of what we did in Example 2: 


7x _@:%X We factor the numerator and the denominator and then 
9x 9-x look for the largest common factor of both. 
it 
ae Factoring the expression 
9 x 
ae 
ot ge Buy 
9 x 
, ; oe Simplify. 
= 7 Removing a factor of 1 using the identity property 9 
9° of 1 in reverse j i ol 
3y 
24 
| EXAMPLE 4 Simplify: -“. ¢, 20m 
16y “12m 
24y 3: 8y 3 by 3N 3 
lé6y 2-8y 2 8 2 2 ) decane 


2y 8x 2 5 


| Do Exercises 5 and 6. Beag “Waage Og PG 
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7. Evaluate x + yandy + x when 


x= —-3andy= 5. 


8. Evaluate xy and yx when x = —2 


and y = 7. 
Answers 
7.2;2 8-14-14 
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(c) The Commutative Laws 
and the Associative Laws 


Let’s examine the expressions x + yandy + x, as well as xy and yx. 


| EXAMPLE 5 Evaluatex + yandy + xwhenx = 5andy= 8. 


We substitute 5 for x and 8 for y in both expressions: 


xt+y=5+8=13; ytx=8+5=13. ) 


! EXAMPLE 6 Evaluate xy and yx when x = 4andy = 3. 


We substitute 4 for x and 3 for y in both expressions: 


sy= 4-3 = 12; ye aad = 12, ) 


Do Exercises 7 and 8. 


Note that the expressions x + y and y + x have the same values no 
matter what the variables stand for. Thus they are equivalent. They illustrate 
that when we add two numbers, the order in which we add does not matter. 
Similarly, when we multiply two numbers, the order in which we multiply 
does not matter. Thus the expressions xy and yx are equivalent. They have 
the same values no matter what the variables stand for. These are examples 
of general patterns or laws. 


THE COMMUTATIVE LAWS 


Addition. For any numbers a and b, 

at+b=b+t+a. 
(We can change the order when adding without affecting the answer.) 
Multiplication. For any numbers a and b, 

ab = ba. 


(We can change the order when multiplying without affecting the answer.) 


Using a commutative law, we know that x + 4and4 + x are equivalent. 
Similarly, 5x and x - 5 are equivalent. Thus, in an algebraic expression, we can 
replace one with the other and the result will be equivalent to the original 
expression. 

Now let’s examine the expressions a + (b + c) and(a + b) + c. Note that 
these expressions use parentheses as grouping symbols, and they also involve 
three numbers. Calculations within grouping symbols are to be done first. 


EXAMPLE 7 Evaluate a+ (b+ c) and (a+ b)+cwhena=4, b= 8, 
andc = 5. 
a+ (b+c)=4+ (8+ 5) Substituting 


=4+ 13 Calculating within parentheses first: 
= 17: adding 8 and 5 


(a+ b)+c=(4+8)+5 — Substituting 


12 +-5. Calculating within parentheses first: 
= 17 adding 4 and 8 ) 
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' EXAMPLE 8 Evaluate a- (b- c) and (a: b) - c when a = 7, b = 4, and 


pa. 9. Evaluate 


Gar (ese @) aial (@ar 1D) se @ 


CARO a EEE) = 20; when a = 10, b = 9,andc = 2. 
(a-b)-c=(7-4)-2= 28-2 =56 ) 
10. Evaluate 


Do Exercises 9 and 10. a-(b-c) and (a:b)-c 


When only addition is involved, grouping symbols can be placed any way when a = 11,6 = 5,andc = 8. 
we please without affecting the answer. Likewise, when only multiplication is 
involved, grouping symbols can be placed any way we please without affect- 


ing the answer. 


THE ASSOCIATIVE LAWS 


Addition. For any numbers a, b, and c, 


a+(b+c)=(at+b)+t+c. 


(Numbers can be grouped in any manner for addition.) 
Multiplication. For any numbers a, b, and c, 
a-(b-c) =(a-b)-c. 


(Numbers can be grouped in any manner for multiplication.) 


Since grouping symbols can be placed any way we please when only addi- 
tions or only multiplications are involved, we often omit them. For example, 


x +(y+3)meansx + y+ 3, and I[(wh) means lwh. 


' EXAMPLE 9 Use the commutative and the associative laws to write at 
least three expressions equivalent to (x + 8) + y. 


a) (x + 8)+y=x+(8+y) Using the associative law first and then 
8) the commutative law 


11. Use the commutative laws to 
write an expression equivalent to 
each ofy + 5,ab,and 8 + mn. 


( 
b) (x + 8 =yt+(x+8 Using the commutative law and then 
DA 8 
(8 + x) the commutative law again 


c) (x + 8) +y=(8+%x)+y — Using the commutative law first and then 


th ative 12. Use the commutative and the 
=B8+(x+y) e associative law 


associative laws to write at least 
three expressions equivalent to 


Do Exercises 11 and 12. (22 3) -M, 


(d) The Distributive Laws 


Let’s now examine two laws, each of which involves two operations. The first 
involves multiplication and addition. 


' EXAMPLE 10 Evaluate 8(x + y) and 8x + 8ywhenx = 4andy = 5. 


8(x + y) = 8(4 + 5) 8x + BV =8-4+8-5 
= 8(9) = 32 + 40 
= 72: = 72 ) 


Answers 


9. 21;21 10. 440;440 11.5 + y;ba; 
mn + 8,ornm + 8,or8 + nm 12, 2 (Ke y)i 
(2+ y) +x; (y+ 2) - x; answers may vary 
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13. Evaluate 10(x + y) and 
10x + 10y when x = 7 and 
y=11. 


14. Evaluate 9(a + b), (a + b)9, 
and 9a + 9b when a = 5 and 
bb = =2, 


15. Evaluate 5(a — b) and 5a — 5b 
when a = 10 andb = 8. 


16. Evaluate 2(p = ii) and 5p = eq 
when p = 60 and q = 24. 


Multiply. 


17. 8(y — 10) hs AGE ae iy = 2) 


19. 1o( 4x = (7 5 a) 


Answers 

13. 180; 180 14. 27;27;27 15. 10;10 

16. 24524 17. 8y-— 80 18. ax + ay- az 
19. 40x — 60y + 5z 


The expressions 8(x + y) and 8x + 8yin Example 10 are equivalent. This 
fact is the result of a law called the distributive law of multiplication over 
addition. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER ADDITION 


For any numbers a, b, and c, 
a(b+c)=ab+ac, or (b+ c)a=ba+ ca. 


(We can add and then multiply, or we can multiply and then add.) 


Do Exercises 13 and 14. 


The other distributive law involves multiplication and subtraction. 


EXAMPLE 11 Evaluate (a — b) anda — $bwhena = 42 and b = 78. 


5(a — b) = 5(42 — 78) 5a — 5b =5°42—-35-78 
= }(-36) = 21 — 39 
= -18; a ) 


The expressions 5(a — b) and}a — }bin Example 11 are equivalent. This 
fact is the result of a law called the distributive law of multiplication over 
subtraction. 


THE DISTRIBUTIVE LAW OF 
MULTIPLICATION OVER SUBTRACTION 


For any real numbers a, b, and c, 
a(b—c)=ab-—ac, or (b-c)a=ba-— ca. 


(We can subtract and then multiply, or we can multiply and then 
subtract.) 


We often refer to “the distributive law” when we mean either or both of 
these laws. 


Do Exercises 15 and 16. 


Multiplying Expressions with Variables 


The distributive laws are the basis of multiplication in algebra as well as in 
arithmetic. In the following examples, note that we multiply each number or 
letter inside the parentheses by the factor outside. 


EXAMPLES Multiply. 
[Vv 
12. 4(x — 2) =4-x-4-2=4x-8 
13. b(s — t+ f) = bs — bt + bf 
14, —3(y + 4) = —3-y + (-3)-4 = —-3y - 12 
15. —2x(y — 1) = —2x+y — (—2x)+1 = —2xy + 2x 


Do Exercises 17-19. 


42 CHAPTER R_ Review of Basic Algebra 


Factoring Expressions with Variables 


The reverse of multiplying is called factoring. Factoring an expression 
involves factoring its terms. Terms of algebraic expressions are the parts 
separated by plus signs. 


| EXAMPLE 16 List the terms of 3x — 4y — 22z. 
We first find an equivalent expression that uses addition signs: 


3x — 4y — 2z = 3x + (—4y) + (22). Using the propertya — b = a + (—b) 
) 20. List the terms of 


Do Exercise 20. Sx — 7y + 67t 


Now we can consider the reverse of multiplying: factoring. 


To factor an expression is to find an equivalent expression that is a 
product. If N = ab, then a and bare factors of N. 


Thus the terms are 3x, —4y, and —2z. 


! EXAMPLES Factor. 


[ oT oy 
17. 8x + 8y = B(x + y) 8andx + yare factors. 
18. cx — cy = c(x — y) cand x — yare factors. ) 


The distributive laws tell us that 8(x + y) and 8x + 8y are equivalent. We 
consider 8(x + y) to be factored. The factors are 8 and x + y. Whenever the 
terms of an expression have a factor in common, we can “remove” that factor, 
or “factor it out,” using the distributive laws. We proceed as in Examples 17 
and 18, but we may have to factor some of the terms first in order to display 
the common factor. 

Generally, we try to factor out the largest factor common to all the terms. 
In the following example, we might factor out 3, but there is a larger factor 
common to the terms, 9. So we factor out the 9. 


) EXAMPLE 19 Factor: 9x + 27y. 


9x + 27y =9-x+9- (3y) = 9(x + 3y) ) 
‘ Factor. 

We often must supply a factor of 1 when factoring out a common factor, 

as in the next example, which is a formula involving simple interest. a ie 

' EXAMPLE 20 Factor: P + Prt. Cars sige ate 

P+ Prt=P-1+P-rt Writing Pasa product of Pand1 23. 6x — 12 

= P(1 + rt) Using the distributive law DA, 35x — 25y ) bw 5 

You can always check a factorization by multiplying it out. 


2, ag ae late = LoD 


| Do Exercises 21-25. 


Answers 


4 
20. —5x, —7y, 67t, “= 21. 9(x + y) 


22. a(c—y) 23. 6(x — 2) 
24. 5(7x — 5y+ 3w+1) 25. b(s+t-—w) 
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PRACTICE 


WATCH DOWNLOAD READ 


REVIEW 


R.5 | Exercise Set 


For Extra Help 
MyMathLab |) 22%" - 


(a) Complete each table by evaluating each expression for the given values. Then look for expressions that are equivalent. 


= = 2 


oo = §5) 


x=0 


A(x + 3x) A(x + 2x) 


(b) Use multiplying by 1 to find an equivalent expression with the given denominator. 


5. ; ax 6.4; 3a 1780 
“8? "3? “4? 
Simplify. 
36 
= mae 6 ee 
15x 18y 25a 


(c) Use a commutative law to find an equivalent expression. 


13. w+ 3 4y+5 15. rt 
17.4 + cd 18. pq + 14 19. yz+ x 


Use an associative law to find an equivalent expression. 
21. m+ (n+ 2) 22.5-(p-q) 23. (7-x)-y 


Use the commutative and the associative laws to find three equivalent expressions. 


25. (a+ b) +8 26. (4 +x) +y 27. 7- (a: b) 
(d) Multiply. 
29. 4(a + 1) 30. 3(c + 1) 31. 8(x — y) 
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12. 


16. 


20. 


24. 


28. 


32. 


cd 


s+ qt 


(7+p)+q 


7(b -—c) 
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33. —5(2a + 3b) 


37. 2ar(h + 1) 


34, —2(3c + 5d) 


38. P(1 + rt) 


List the terms of each of the following. 


41. 4a—-— 5b+ 6 


Factor. 
45. 24x + 24y 
49. 7x — 21 


53. 2x — 2y + 2z 


57. dw — 12z +8 


61. ab + ac — ad 


Skill Maintenance 


42. 5x — 9y + 12 


46. 9a + 9b 


50. 6y — 36 


54. 3x + 3y — 3z 


58. 8m + 4n — 24 


62. xy — x2 + xw 


Translate to an algebraic expression. [R.4a] 


65. The square of the sum of two numbers 


Subtract. [R.2c] 


67. —34.2 — 67.8 


Synthesis 


35. 


39. 


43. 


47. 
51. 
55. 


59. 


1 
63. ri 


2a(b —c + d) 


sha + b) 


2x — 3y — 2z 


7p-—7 
xy+x 
3x + 6y — 3 


20x — 36y — 12 


1 
—Wrr + —TWrs 


36. 


40. 


44. 


48. 


52. 


56. 


60. 


64. 


5x(y — z+ w) 


1 
—ar(1 + 
ri TI( S) 


5a — 7b — 9c 


22x — 22 
ab+a 


4a+ 8b-4 


18a — 24b — 48 


1 1 
— ee 
gah 3 bh 


66. The sum of the squares of two numbers 


Make substitutions to determine whether each pair of expressions is equivalent. 


71. x2 + y*; (x + y)? 


73. 


x2 + 3 x5 


70. 


0.23(—200) 
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Collect like terms. 
1. 9x + llx 2, Sie — 11a 
Si, GEE ar 3e ah, 56 = (5E 


5. 22x — 2.5y + 1.4x + 6.4y 


2, 3 4 5 
( Soe Pap =3¢ y + 23 
Soma eG 
Answers 
1. 20x 21K 3. 6x 4. —6x 
22 19 
5. 23.44 + 3.9y 6, 15* = Ta! + 23 
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There are many situations in algebra in which we want to find either an 
alternative or a simpler expression equivalent to a given one. 


(a) Collecting Like Terms 


If two terms have the same letter, or letters, we say that they are like terms, or 
similar terms. (If powers, or exponents, are involved, then like terms must 
have the same letters raised to the same powers. We will consider this in 
Chapter 4.) If two terms have no letters at all but are just numbers, they are 
also similar terms. We can simplify by collecting, or combining, like terms, 
using the distributive laws. 


! EXAMPLES Collect like terms. 


Factoring out the x using the distributive law 


voy 
1. 3x + 5x = (3 + 5)x = 8x 
2.x —- 3x=1-x—-—3-+-x=(1-3)x = —2x 
3. 2x + 3y — 5x — 2y 


> 


= 2x + 3y + (—5x) + (—2y) 
= 2x + (—5x) + 3y + (—2y) 
(2 — 5)x + (3 — 2)y 
=—-3x+y 


ll 


Subtracting by adding an opposite 
Using a commutative law 

Using a distributive law 
Simplifying 


3x +2x4+54+7= (3 + 2)x+ (547) = 5x4 12 


ll 


- 4.2x — 6.7y — 5.8x + 23y 


ll 


(4.2 — 5.8)x + (—6.7 + 23)y 
—1.6x + 16.3y 


-(-3-2) +(3-4)p 
=\ 3 207° \10 10 


10 ) 


You need not write the intervening steps when you can do the computa- 
tions mentally. 


Do Exercises 1-6. } 
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(b) Multiplying by —1 and 
Removing Parentheses 


What happens when we multiply a number by — 1? 


EXAMPLES Multiply. 
3 3 Us Slo 24 
.-1-:9=- «(| e2)e= .-1-0= 
7 9=-9 8 ( *) : 9 0=0 ; ae 
Do Exercises 7-9. Gk =I o (=110) 


THE PROPERTY OF —1 


For any number a, 
-l-a=—a. 


(Negative 1 times a is the opposite of a. In other words, changing the 
sign is the same as multiplying by —1.) 


From the property of —1, we know that we can replace — with —1 or the 
reverse, in any expression. In that way, we can find an equivalent expression 
for an opposite. 


EXAMPLES Find an equivalent expression without parentheses. 


10. —(3x) = —1(3x) Replacing — with —1 using the property of —1 
= (-1:3)x Using an associative law 
= —3x Multiplying 
By =o) Sy) Replacing — witht Find an equivalent expression 
= [-1(=9) ly Using an associative law without parentheses. 
= 9y Multiplying ) 10. —(9x) 
| Do Exercises 10 and 11. 11. —(—24t) 
EXAMPLES Find an equivalent expression without parentheses. 
12. —(4+ x) = —-1(4+ x) Replacing — with —1 
=e)e4--(S0) x Multiplying using the distributive law 
= —4+ (-x) Replacing —1 - x with —x 
=-4-x Adding an opposite is the same 


as subtracting. 


13. —(3x — 2y + 4) = —1(3x — 2y + 4) 
= —-1-3x—(-1)2y+(-1)4 — Using the 
distributive law 


= —3x — (—2y) + (-4) Multiplying 
= —3x + [-(—2y)] + (-4) Adding an opposite 
= -3x+ 2y-4 
14, “(a= b) = <1 = 5) = oe w= (sd ae 
7-24 80 9.10 10,-9x 
=-a+{[-(-l)b] =-a+b=b-a ) 11. 24t 
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Find an equivalent expression 


without parentheses. 
12. —(7 — y) 
ss, =( = 1) 


14, —(9x + 6y + 11) 
1}, =(2ske = 77 = 2) 


1, (Ste = Bp = 1) 


Find an equivalent expression 
without parentheses. 


fo = (= Bie = ig a 24) 


18. —(3x — 2y) 


19. (Ge + aw 5d 23) 


Remove parentheses and simplify. 
20. 6x — (3x + 8) 


acy = Cy 5) 


(oa, (See — (Shy = 4) = (Ske ae 10) 


Pah Uae = (=Oyy = 4) ar (eke = 11) 


Answers 


Wye yx 
14,-9x-—6y-—11 15. —23x + 7y + 2 
16. 3x + 2y+1 17. 2x + 5z— 24 


iL 
18. —3x + 2y 19. “a — Alw + 5d + 23 


20.3x-8 21. 4y+1 22. -2x-9y 
23. 15x + 9y — 6 


Example 14 illustrates something that you should remember, because it 
is a convenient shortcut. 


THE OPPOSITE OF A DIFFERENCE 


For any real numbers a and b, 
-—(a-—b)=b-a. 
(The opposite of a — bisb — a.) 


Do Exercises 12-16. 


Examples 10-14 show that we can find an equivalent expression for an 
opposite by multiplying every term by —1. We could also say that we change 
the sign of every term inside the parentheses. Thus we can skip some steps. 


' EXAMPLE 15 Find an equivalent expression without parentheses: 


—(-9t PZ = iw). 
We have 
(9 + 72 — fw) = 9t — 72 


Ww. Changing the sign 
of every term ) 


Cl ee 


Do Exercises 17-19. 


In some expressions commonly encountered in algebra, there are paren- 
theses preceded by subtraction signs. These parentheses can be removed by 
changing the sign of every term inside. In this way, we simplify by finding a 
less complicated equivalent expression. 


EXAMPLES Remove parentheses and simplify. 
16. 6x — (4x + 2) = 6x + [-(4x + 2)] Subtracting by adding the opposite 


= 6x — 4x - 2 Changing the sign of every 
term inside 
= 2x -2 Collecting like terms 
17. 3y —4- (9y-— 7) =3y-—4-9y+7 
= —6y + 3,0r3 — 6y ) 


In Example 16, we see the reason for the word “simplify.” The expression 
2x — 2 is equivalent to 6x — (4x + 2) but it is shorter. 

If parentheses are preceded by an addition sign, no signs are changed 
when they are removed. 


EXAMPLES Remove parentheses and simplify. 

18. 3y + (3x — 8) — (5 — 12y) = 3y + 3x -8— 5+ 1l2y 
= 15y + 3x — 13 

19. 4(15x — 4) — (5x + 2y)+1=4-15x-4-4-5x- 2y41 
=5x-§-5x—-2y+ 1 
= -2y-3 ) 


Do Exercises 20-23. 
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We now consider subtracting an expression consisting of several terms 
preceded by a number other than —1. 


| EXAMPLES _ Remove parentheses and simplify. 
20. x — 3(x t+ y)=x+[-3(x+ y)] Subtracting by adding the opposite 


=x-— 3x —- 3y Removing parentheses by multiplying 
x + yby-3 
= —2x — 3y Collecting like terms 
Caution! 


Acommon error is to forget to change this sign. Remember: When multiplying 
by a negative number, change the sign of every term inside the parentheses. 
Remove parentheses and simplify. 


OA, iB = 2p sb 88) 


21. 3y — 2(4y — 5) = 3y — By + 10 ~— Removing parentheses by 
multiplying 4y — 5 by —2 25. 3x — 5(2y — 4x) 
= —5y + 10 Collecting like terms i 
1 


Do Exercises 24-26. 26. (4a — 3b) (44 3) +5 


When expressions with grouping symbols contain variables, we still work 
from the inside out when simplifying, using the rules for order of operations. 


| EXAMPLE 22 Simplify: [2(x + 7) — 47] — (2 — x). 
[2(x + 7) — 42] - (2- x) 


= [2x + 14 — 42] — (2 — x) Multiplying to remove the innermost 
grouping symbols using the distributive 
law 


= [2x + 14 — 16] — (2 — x) Evaluating the exponential expression 


= [2x — 2] —- (2- x) Collecting like terms inside the brackets 
=2x-2-2+x Multiplying by —1 to remove the 
parentheses Simplify. 
= 3x-4 Collecting like terms ) Alls (Sie = 8) = [Ae = i) sp 2] 


Do Exercises 27 and 28. 28. [3 — 2(x + 9)] — 4(32 - x) 


{ EXAMPLE 23 Simplify: 6y — {4[3(y — 2) — 4(y + 2)] — 3}. 


6y — {4[3(y — 2) — 4(y + 2)] — 3} 
= 6y — {4[3y — 6 — 4y — 8] — 3} —— Multiplying to remove the 
innermost grouping symbols using 


the distributive law Simplify. 
= 6y — {4[-y — 14] - 3} Collecting like terms inside the brackets on); ese = 
= by — {-4y — 56 — 3} Multiplying to remove the inner brackets {2[2(% — 5) — 6(x + 3)] + 4} 
using the distributive law 
30. 9a + 
= 6y — {-4y — 59} Collecting like terms in the braces iy i = ee 
= 6y + 4y + 59 Removing braces 
= 10y + 59 Collecting like terms ) 
: Answers 
Do Exercises 29 and 30. 24, —x—2y 25, 23x — ly 
26. 3a-3b+-2 27,-x-3 


4 
28..2x-—51 29. 23x +52 
30. 12a + 12 
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For Extra Help 
P. 
pce iB G ze 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
1. 7x + 5x 2. 6a + 9a 3. 8b — 11b 4. 9c — 12c 
5. l4y+ y 6. 13x + x 7. 12a—a 8. 15x — x 
9. t — 9 10. x — 6x 11. 5x — 3x + 8x 12. 3x — 11x + 2x 
13. 3x — 5y + 8x 14. 4a — 9b + 10a 15. 3c + 8d — 7c + 4d 16. 12a + 3b — 5a + 6b 
17. 4x — 7 + 18x + 25 18. 13p +5 -4p+7 19. 1.3x + 14y — 0.11x — 0.47y 
2 5 4 ike 1 1 1 1 
. O. AD= = . + 22. + + 4 
20. 0.17a + 1.7b — 12a — 38b 21 37 rd 27 5% 6? CS 3 
The perimeter of a rectangle is the distance around it. The l 
perimeter P is given by P = 21 + 2w. 
W 
23. Find an equivalent expression for the perimeter formula 24, Perimeter of a Football Field. The standard football 
P = 21+ 2wby factoring. field has / = 360 ft and w = 160 ft. Evaluate both 


expressions in Exercise 23 to find the perimeter. 
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f& 
\b) Find an equivalent expression without parentheses. 


25. —(—2c) 26. —(—5y) 


29. —(b — 3) 30. —(x — 8) 


33. —(x + y + 2) 


35. —(8x — 6y + 13) 


37. —(—2c + 5d — 3e + 4f) 


39. ( 1.2x + 56.7y — 34z i) 


Simplify by removing parentheses and collecting like terms. 


4l.a+t (2a+5) 
43. 4m — (3m — 1) 


45. 5d — 9 — (7 — 4d) 


27. 


31. 


34. 


38. 


40. 


42. 


44 


46 


48. 


-(b+4) 28. —(a + 9) 
-(t-y) 32. —(r— s) 
~(r+s+) 

. —(9a — 7b + 24) 


x + (5x + 9) 
. 5a — (4a — 3) 
. 6x — 7 — (9 — 3x) 
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51 


49. 5x — 7(2x — 3) —4 


Simplify. 
55. 7a — [9 — 3(5a — 2)] 


57. 5{-2 + 3[4 — 2(3 + 5)]} 


59. [10(x + 3) — 4] + [2(x - 1) + 6] 


61. [7(x + 5) — 19] — [4(x — 6) + 10] 


63. 3{[7(x — 2) + 4] — [2(2x — 5) + 6]} 


65. 4{[5(x — 3) + 22] — 3[2(x + 5) — 92]} 


67. 2y + {8[3(2y — 5) — (8y + 9)] + 6} 
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52. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


. By — 4(5y — 6) + 9 


14b — [7 — 3(9b — 4)] 


Copyright © 2011 Pearson Education, Inc. 


Skill Maintenance 


Add. [R.2a] 


69. 17 + (—54) 70. —17 + (—54) 71. —13.78 + (—9.32) 
Divide. [R.2e] 


73. —256 + 16 74, —256 + (-16) 75. 256 + (-16) 


Multiply. [R.5d] 


77. 8(a — b) 78. —8(2a — 3b + 4) 79. 6x(a — b + 2c) 


[R.5d] 
81. 24a — 24 82. 24a — 16b 83. ab-—ac+a 


Factor. 


Synthesis 


Insert one pair of parentheses to convert the false statement into a true statement. 
85. 3 — 8° + 9 = 34 86. 2-7 + 37-5 = 104 


88.2 —7-2%2+9=-ll 


87.5-23+3-44= 40 


Simplify. 
89. [1l(a — 3) + 12a] — {6[4(3b — 7) 


(9b + 10)| + 11} 


8{3[5(3y + 4)] — 12} 


(4z + 5x) — 6z] + 7z} — 8z 


72. 


76. 


80. 


84. 


(24x — 12y + 15) 


15p + 45q — 10 
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Multiply and simplify. 
1.83.87 


2. ye : y? 
(Ore en”) 


A, (=3% 57) (25x?) 


a 


~ (—7x3") (6x5") 


for) 


» (5x88) (20-8?) 


7. (4x~2y4) (15x2y-9) 


Answers 
75 
184 2 y 3. 18x32 4, -— 
xl4 
1oy? 
5. —42x8" 6, es 60y 
x12 


We often need to find ways to determine equivalent exponential expressions. 
We do this with several rules or properties regarding exponents. 


(a) Multiplication and Division 


To see how to multiply, or simplify, in an expression such as a? - a*, we use 
the definition of exponential notation: 


3 ey 


a@-a*=a:a-a + a-a=a. 


3 factors 2 factors 


The exponent in a° is the sum of those in a? - a”. In general, the exponents 
are added when we multiply, but note that the base must be the same in all 
factors. This is true for any integer exponents, even those that may be nega- 
tive or zero. 


THE PRODUCT RULE 


For any number a and any integers m and n, 


a™-q? = qmtn, 


(When multiplying with exponential notation, add the exponents if the 
bases are the same.) 


) EXAMPLES Multiply and simplify. 


Lee Sy = 2, AP a? ae C8) ea? 1G 
3. (—2)3(-2)? = (-2)-3+7 4, (8x")(6x2") = 8 Gx""2n 
= (-2)4 = 16 = 48x38" 


5. (8x4y~7) (-3x3y) = 8- (-3)-x4-x73-y*-y! — Using the 
y 
associative and the 


commutative laws 
= —2gt-3y-2r! Using the 
product rule 
24x 1 
= —24 -l Reece Usi ee = 
xy y sing a a 


Note that we give answers using positive exponents. In some situations, 
this may not be appropriate, but we do so here. ] 


Do Exercises 1-7. } 


Consider this division: 


8 8-8:-8-8-8 8-8-8 


88 8-8-8 8-8-8 


-8-8=8-8= 8. 


We can obtain the result by subtracting exponents. This is always the case, 
even if exponents are negative or zero. 
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THE QUOTIENT RULE 


For any nonzero number a and any integers m and n, 
m 
a” = qmn 
a” ‘ 
(When dividing with exponential notation, subtract the exponent of 
the denominator from the exponent of the numerator, if the bases are 
the same.) 


| EXAMPLES. Divide and simplify. 


5/ 
6. 53 =f = 5 Subtracting exponents using the quotient rule 

5? 
% =. 57-(-3) = 57+3 = 510 Subtracting exponents (adding an opposite) 

ae 1 

2-5 -7 

8. 9 9 9 g7 

Vhs 
9, — = 7-4-(-5) = 7445-717 

775 

16x4y’ 16 x4 oy? 2a 
10. y= . —_ 9 cle 

—8x°y -8 x y ‘ 

2. 2. 
The answers > or = would also be correct here. 
y ~y 

AOg 2" AQ 5. +s 10 

11. axon = ae Root = 10x = yin 
7-3 7 yr3 

je ED T 4 7-5y-3-(-5) - E22 

Ax5y-5 4 x? y° 2 2) } 


In exercises such as Examples 6-12 above, it may help to think as 
follows: After writing the base, write the top exponent. Then write a 
subtraction sign. Then write the bottom exponent. Then do the 
subtraction. For example, 


ae) 
x? 4 
Writing the base and Writing a Writing the bottom 
the top exponent subtraction sign exponent 


| Do Exercises 8-13. 


Divide and simplify. 


12. 


8. 48 


11. 
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—5x2n 


55 


Simplify. 
jo 


15.42) 


16. (t2)-7™ 


Answers 


14. 3% ©8615. 22916. 
pi4m 
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(b) Raising Powers to Powers and 
Products and Quotients to Powers 


When an expression inside parentheses is raised to a power, the inside 
expression is the base. Consider an expression like (5)*. In this case, we are 
raising 5 to the fourth power: 


(52)4 = (5) (52) (5%) (52) 
= (5: 5)(5-5)(5-5)(5- 5) 
= 9 51595215 > 525-5 Using an associative law 
= 58 
Note that here we could have multiplied the exponents: 
Gr = 52-4 = 58. 


Likewise, (y®)? = (y®)(y®)(y8) = y*4. Once again, we get the same result if 
we multiply the exponents: 


Cy}? = yo = oe 


THE POWER RULE 


For any real number a and any integers m and n, 
( amr = qm. 


(To raise a power to a power, multiply the exponents.) 


EXAMPLES Simplify. 


13. (x°)’ = x7 — Multiply exponents. 14, (y~*)~? = y(-2)(-2) 


= 735 = y4 
15.6") =e" 16,.(°) 4 = 9 
1 
a ae | ee 
ST p80 SE eae ) 
Do Exercises 14-16. | 
Let’s compare 2a° and (2a): 
2a°=2-a-a-a_ Thebaseisa. 
and 
(2a)3 = (2a) (2a) (2a) The base is 2a. 
=(2:2-2)(a-a-a) Using the associative law 
of multiplication 
= 23q3 = 8a. 


We see that 2a° and (2a)? are not equivalent. We also see that we can evaluate 
the power (2a)° by raising each factor to the power 3. This leads us to the fol- 
lowing rule for raising a product to a power. 
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RAISING A PRODUCT TO A POWER 


For any real numbers a and b and any integer n, 
(ab)” = a"b". 


(To raise a product to the nth power, raise each factor to the nth power.) 


' EXAMPLES Simplify. 


7 = = fe Te 
IY. (Sx°y °)? = S97 A (y 7)? = Sexby > = 27xty > = y® 
625x 1228 
3y-572)4 = 54(~3)4( y-5)4(72)4 = 12,,-20,8 _ D69X *Z" 
18. (5x97 2°)? = SA Ae = b2bx yz? = 20 ) 


Do Exercises 17-20. 


There is a similar rule for raising a quotient to a power. 


RAISING A QUOTIENT TO A POWER 


For any real numbers a and BD, and any integer n, 
a n q” a —n b n b” 
(5) = prbeo and (5) "= (Z) = Grae opre 


(To raise a quotient to the nth power, raise the numerator to the nth 
power and divide by the denominator to the nth power.) 


' EXAMPLES Simplify. Write the answer using positive exponents. 


- ( x2 Ny x29) yg WY 
° y3 y 3-5) ys x10y15 
a (a) _ (2x8y™)? _ 29(x9)°(y?)°_ 32x 15y710 
Sy (y7P a 6 ad 243y20 
32x 15-10-20 32x 15-30 39x15 
7 243 243 243 y30 
54 aaa BN Si a? aS Ge) a (ds a) 
2a-2b4 (2a 2b =) 2 2 2(a 2) 2(b 4) vi 
1 Pee : 
_ (~3) __2 qi0-4p-6-8 
Fath’ (=3) 
2 
_ 4 6p-14 — 4a® 
gt = pie ) 


An alternative way to carry out Example 21 is to first write the expression 
with a positive exponent, as follows: 


—3a5p3}2 [2a2b4]? (2a *b 4)? —.2%(a~*)*(b-4)? 
re 7 ee ~ (-3a5b3)2 — (-3)?(a~5)2(b3)? 


—4p-8 6 
_ 4a~b™ _ 4 -4-(-10)p-8-6 — 4 26p-14 — 44 
9 


~ 9a-10p6 9 gp\4" 


Simplify. 
17. (2xy)3 


LO yo) 
19. (—2x4y2)5 


20. (10x~*y*z2)3 


Simplify. 


Answers 
16y!4 
x4 
or 21. x9yl2 22 
8a? 
27b?! 


17. 8x3y3_—-18. 


19, —32x20y10 


20. 


23. — 
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Do Exercises 21-23 on the preceding page. 


gy e oge ° 
(c ) Scientific Notation 


There are many kinds of symbolism, or notation, for numbers. You are already 
familiar with fraction notation, decimal notation, and percent notation. Now 


Mercury @ Earth we study another, scientific notation, which is especially useful when repre- 
Vehus * senting very large or very small numbers and when estimating. 
Jupiter = The following are examples of scientific notation: 


e The distance from the sun to the planet Saturn: 


Mars @ 


=a 8.908 x 10° mi = 890,800,000 mi 
Saturn ae 7 : 
e The diameter ofa helium atom: 


Uranus 2.2 xX 10-8cm = 0.000000022 cm 


e Americans made 1.1 x 10° w 
visits to doctors’ offices, 
emergency rooms, and 
hospital outpatient 
departments in a recent 
year. During these visits, 
2.6 X 10° prescriptions 
were written. 


Source: Centers for Disease Control 
and Prevention 


Neptune 


e Americans had 7.2114 x 10’ pet dogs 
and 8.1721 x 107 pet cats in arecent 
year. They spent $1.5783 x 10!° on 
food and $2.2433 x 10!° on veterinary 
care for these pets during the year. 


Sources: American Veterinary Medical Association; 
Euromonitor International 


SCIENTIFIC NOTATION 


Scientific notation for a number is an expression of the type 
M X 10”, 


where nis an integer, M is greater than or equal to 1 and less than 10 
(1 = M < 10), and Mis expressed in decimal notation. 10” is also 
considered to be scientific notation when M = 1. 
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You should try to make conversions to scientific notation mentally as 
much as possible. Here is a handy mental device. 


A positive exponent in scientific notation indicates a large number 
(greater than or equal to 10) and a negative exponent indicates a small 
number (between 0 and 1). 


EXAMPLES Convert mentally to scientific notation. 
22. Light travels 9,460,000,000,000 km in one year. 
9,460,000,000,000 = 9.46 x 10!2 9.460,000,000,000. 


Tic places 


Large number, so the exponent is positive. 
23. The mass of a grain of sand is 0.0648 g (grams). 


0.0648 = 6.48 x 10-2 0.06.48 
2 places 


Small number, so the exponent is negative. ) 


EXAMPLES Convert mentally to decimal notation. 


24. 4.893 x 10° = 489,300 4.89300. 
all 5 places 
Positive exponent, so the answer is a large number. 
25. 8.7 X 10 ® = 0.000000087 0.00000008.7 
el 8 places 
Negative exponent, so the answer is a small number. ) 


Each of the following is not scientific notation. 


13.95 x 10}, 0.468 x 10-8 
This number is greater than 10. This number is less than 1. 


| Do Exercises 24-27. 


We can use the properties of exponents when we multiply and divide in 
scientific notation. 


EXAMPLE 26 Multiply and write scientific notation for the answer: 
(3.1 X 105) (4.5 X 1073). 


We apply the commutative and the associative laws to get 
(3.1. * 10°)(4,5 X 10-4) = (3.1 K 4,5)(10° x 10-9) = 13.95 « 10°, 


To find scientific notation for the result, we convert 13.95 to scientific nota- 
tion and then simplify: 


13.95 X 10? = (1.395 x 10!) x 10? = 1.395 x 103. i 


| Do Exercises 28 and 29. 


Convert to scientific notation. 


24. Light travels 5,880,000,000,000 mi 
in one year. 


25. 0.000000000257 


Convert to decimal notation. 
26. 4.567 xX 10 18 


27. The distance from the earth to 
the sun is 9.3 X 107 mi. 


Multiply and write scientific 
notation for the answer. 


28. (9.1 x 10°!”)(8.2 x 10°) 


29) (12 < 1or)\(5'< 107) 


Answers 

24. 5.88 x 10!2mi 25. 2.57 x 10710 

26. 0.0000000000004567 ~—-.27..: 93,000,000 mi 
28. 7.462 x 10-8 =. 29. 5.6 x 107}5 
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Divide and write scientific notation 
for the answer. 


30. 


oe. 


33. 


4.2 X 10° 
2.1 X 102 


Light from the Sun to Pluto. 
The distance from the dwarf 
planet Pluto to the sun is about 
3,647,000,000 mi. Light travels 
1.86 X 10° miin 1 sec. About 
how many seconds does it take 
light from the sun to reach 
Pluto? Write scientific notation 
for the answer. 


Source: The Hondy Science Answer Book 


Mass of Jupiter. The mass of 
the planet Jupiter is about 

318 times the mass of Earth. 
Write scientific notation for the 
mass of Jupiter. See Example 29. 


Answers 

30. 2.0 x 10231. 5.5 x 102 
32. About 1.96 x 104 sec 

33. 1.90164 x 102’kg 
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Teil <1 
en Ome 


EXAMPLE 27 Divide and write scientific notation for the answer: 


6.4 x 1077 
8.0 x 10° ~ 


a ae 


64x10" 64 10° 

= x 
80x10 80 108 
0.8 x 10 B<, 


Factoring shows two divisions. 


Doing the divisions separately 


The answer 0.8 X 107}3 is 
not scientific notation 
because 0.8 < 1. 


= (8.0x 1071) x 103 — Converting 0.8 to 


scientific notation 


80 < 0"? sc 10-) Using the associative law of 


multiplication 


8.0 x 10-4 


Do Exercises 30 and 31. 


EXAMPLE 28 Light from the Sun to Neptune. The planet Neptune is about 
2,790,000,000 mi from the sun. Light travels 1.86 x 10° miin 1 sec. About how 
many seconds does it take light from the sun to reach Neptune? Write scientific 
notation for the answer. 


Source: The Handy Science Answer Book 


The time it takes light to travel from the sun to Neptune is 


2.79 xX 109 2.79 109 


2,790,000,000 4 
5 = 1.5 X 10* sec. 


= = x 
1.86 X 10° 1.86 xX 10° 1.86 10 


EXAMPLE 29 Mass oftheSun. The mass of Earth is about 5.98 x 10*4kg. 
The mass of the sun is about 333,000 times the mass of Earth. Write scientific 
notation for the mass of the sun. 

Source: The Hondy Science Answer Book 


The mass of the sun is 333,000 times the mass of Earth. We convert to 
scientific notation and multiply: 
(333,000) (5.98 x 1024) = (3.33 x 10°) (5.98 x 1024) 
(3.33 x 5.98) (10° x 1024) 
= 19.9134 x 1029 
= (1.99134 x 10!) x 107° 
= 1.99134 x 10%%kg. 


Do Exercises 32 and 33. 
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(| Calculator Corner 


Scientific Notation To enter anumber in scientific notation on a graphing calculator, we first type the decimal portion 
of the number. Then we press @QZy CE. (EE is the second operation associated with the @yp key.) Finally, we type the exponent, which 
can be at most two digits. For example, to enter 2.36 x 10° in scientific notation, we press DO OOO ap. 
The decimal portion of the number appears before a small E and the exponent follows the E, as shown on the left below. 

The graphing calculator can be used to perform computations using scientific notation. To find the product in Example 26 and express 
the result in scientific notation, we first set the calculator in Scientific mode by pressing @&EP, positioning the cursor over Sci on the first 
line, and pressing Gp. Then we press €Gy Ger) to go to the home screen and enter the computation by pressing QD DQ GD ED 
QOOOVEDODCOD. 


2.36£-8 
2.36£-8 


3.165*4.5—E-3 
1.395E3 


Exercises: Multiply or divide and express the answer in scientific notation. 


1. (5.13 X 108) (2.4 x 1074) 2, (3,45 % 10) (7.1 & 10°) 
3. (7 X 10°) (4 x 1075) 4. (6 X 106) (9 x 107) 

4.8 x 10° 6, 22% io 
“1.6 x 1014 “123 10" 

6x ip? 12 x 109 

a 8, ——__ 

5 x 104 410-3 


fi For Extra Help - E.. q — pp 
R of E xe rc | S @ S et MyMathLab ) Math XP WATCH DOWNLOAD meee Ed 


(a) Multiply and simplify. 


Les 2, BF 2.80 dg. 2 = GF 4, 95.98 

5.04 a4 6. 91.9% 7. eae 8. a*- a3 
9.a3-a*-a? 10. x8 - x5 - x3 11. (2x)3 - (3x)? 12. (9y)? - (2y)3 
13. (14m?n?3) (—2m3n?) 14. (6x5y~) (-3xy3) 15. (—2x73) (7x78) 16. (6x~4y3) (—4x8y~?) 
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17. 


(15x4*) (7x64) 


Divide and simplify. 


21. 


25. 


29. 


33. 


37. 


41. 


45. 


49. 


89 
82 


Simplify. 


aye 


(—3x3y~6) 4 
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18. (9x~4”) (—4x78") 19. 


78 
22. —; 23. 
72 
1274 
26. — 27. 
128 
—3t 
30. ~ 7 31. 
7, 
4 
34, = 35. 
y 
14a*b3 
38. —8q8p5 39. 
42. (54)5 43. 
46. (7-8) 47. 
50. (-3a2b) 3 51. 
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Gyr (=4y 9") 


w 14 
w © 


27x7z5 


—9x2z 


—18x~2y3 
—12x5y5 


(5a2b2)3 


(—6a~*b3c) 2 


20. 


24. 


28. 


32. 


36. 


40. 


44. 


48. 


52. 


(-34744) (—52-4) 


24a5b? 
—8a*b 


—14q4p-5 
—18a~2p—10 


oe 


(2x3y4)5 


(—8x~4y5z2) 4 
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ea ge a axty*\8 —axty 7) 4 
ss, (2) ss. (%) ss. (22) se, (#9) 
3 4 3y 5x” "y 


Bs 125a*b-3\~5 aH —200x3y~5\ —4 a6 —6°y4z5\6 6 g-2x-4y \8 
e 5a*b-2 ° 8 Prt 4 : 2-2 =2,3. . 3°3 —3,,2 
x-Y y °Z x ~y 
$42 A 2x2y-2\9 
61. [(—2x4y*) 3]? 62. [(—4a 4b) 3}4 63. ( ) 64. ( 
[(-2x-ty 23] ( a ie 3x87 
P 1924at1 é yybt2 9ax-2 60 —1]27a+1 
5. 19¢7+1 66. 1185-3 67. 3q2xt2 ° 4x27-4 
45x24 4,,b+1 —28x0t5 4+c¢ 
69, _ 70. ———? — 71. (8*)47 72. (72P)34 
—~9x4 3y2 b 7x2 -Syc-4 
73, (123—-4)2b 74. (44-1)38 75. (5x4 lybtly2c 76. (4x34y2by5e 
= 4x 20+3y2b-1 os 25x4+ byb-a 
° axatlyb+1 Z —5x4-byb+a 


\C) Convert each number to scientific notation. 


79. 47,000,000,000 80. 2,600,000,000,000 81. 0.000000016 82. 0.000000263 

83. Coupon Redemptions. Shoppers redeemed 84. Cell-Phone Subscribers. In 1985, there were 340 thou- 
2,600,000,000 manufacturers’ grocery coupons ina sand cell-phone subscribers. This number increased to 
recent year. Write scientific notation for the number of 272 million in 2009. Write the number of cell-phone 
coupons redeemed. subscribers in 1985 and in 2009 in scientific notation. 
Source: CMS Sources: USA Weekend, December 31, 2004-January 2, 2005; 


CTIA—The Wireless Association 
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85. Insect-Eating Lizard. A gecko is an insect-eating 86. Multiple-Birth Rate. The rate of triplet and higher- 


lizard. Its feet will adhere to virtually any surface order multiple births in the United States is SER 
because they contain millions of miniscule hairs, or Write scientific notation for this birth rate. 
setae, that are 200 billionths of a meter wide. Write Source: U.S. National Center for Health Statistics 


200 billionths in scientific notation. 


Source: The Proceedings of the National Academy of Sciences, Dr. Kellar 
Autumn and Wendy Hansen of Lewis and Clark College, Portland, Oregon 


Convert each number to decimal notation. 


87. 6.73 x 108 88. 9.24 x 107 89. The wavelength of a certain red 
light is 6.6 X 107° cm. 


90. The mass of an electron is 91. About $2 x 10!” is spent on 92. About 1.61 x 10’ Americans are 
9.11 x 10°28 g, health care annually in the members of labor unions. 
United States. Source: U.S. Bureau of Labor Statistics 
Source: Centers for Medicare and Medicaid 
Services 


Multiply and write the answer in scientific notation. 
93. (2.3 x 106) (4.2 x 107!) 94. (6.5 X 10°) (5.2 x 10-8) 


95. (2.34 x 10°8)(5.7 x 10-4) 96. (3.26 x 10-6) (8.2 x 109) 


Divide and write the answer in scientific notation. 
8.5 X 108 5.1 x 106 a 4.0 x 10-6 7.5 x 10-9 


.—_ . ; 100. 
3.4 X 10° 3.4 x 108 8.0 X 1073 2.5 X 1074 


Write the answers to Exercises 101-110 in scientific notation. 


101. The Dark Knight Opening Weekend. The movie The 102. Orbit of Venus. Venus has a nearly circular orbit of 
Dark Knight opened in 4366 theaters and earned an the sun. The average distance from the sun to Venus is 
average of $36,283 per theater the weekend it opened. about 6.71 X 10’ mi. How far does Venus travel in one 
Find the total amount that the movie earned in its orbit? 
opening weekend. 


Source: Box Office Mojo 
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103. Seconds in 2000 Years. About how many seconds are 104. Hot Dog Consumption. Americans consume 818 hot 
there in 2000 yr? Assume that there are 365 days in one dogs per second in the summer. How many hot dogs 
year. are consumed in July? (July has 31 days.) 

Source: National Hot Dog & Sausage Council; American Meat Institute 

105. Alpha Centauri. Other than the sun, the star closest 106. Amazon River Water Flow. The average discharge at 
to Earth is Alpha Centauri. Its distance from Earth is the mouth of the Amazon River is 4,200,000 cubic feet 
about 2.4 x 10!8 mi. One light-year = the distance per second. How much water is discharged from the 
that light travels in one year = 5.88 < 10!* mi. How Amazon River in one hour? in one year? 
many light-years is it from Earth to Alpha Centauri? 

Source: The Handy Science Answer Book 
ear = 5.88 X 10!? mi 
Alpha Centauri: | ° 
2.4 x 10}8 mi 

107. Word Knowledge. There are 300,000 words in the 108. Computer Calculations. Engineers from the 
English language. The average person knows about Los Alamos National Laboratory and IBM Corporation 
10,000 of them. What part of the total number of words have developed a supercomputer that can perform 
does the average person know? 1000 trillion calculations per second. How many calcu- 

lations can be performed in one minute? in one hour? 
Source: The New York Times, June 9, 2008 

109. Printing and Engraving. A ton of five-dollar bills is 110. Astronomy. The brightest star in the night sky, Sirius, 
worth $4,540,000. How many pounds does a five-dollar is about 4.704 x 10!3 mi from Earth. One light-year is 
bill weigh? 5.88 < 10!* mi. How many light-years is it from Earth 

to Sirius? 
Source: The Handy Science Answer Book 

Skill Maintenance 

Simplify. [R.3c], [R.6b] 

111. 9x — (—4y + 8) + (10x — 12) 112. —6f — (5t — 13) + 2(4 — 62) 113. 42 + 30-10 — 73 + 16 

114. 54 — 38 - 24 — (16 — 4- 18) 115. 20-5-4-8 116. 20 — (5-4 — 8) 

Synthesis 

Simplify. 

2-2 = An 23 —2 —3x72 5)-3 42 =9\ =9 4\27-1 

117. (oat Mone (Ca 118. [a] 119 (<) ‘ (5) 

(272)? a (25)-3 (2x4y78) b? b3 
Simplify. Assume that variables in exponents represent integers. 
2x4 by3 42 
120. (m*— by XtbyX( mbpn-P)x 121. [| 122. (xPy4 z xtybye 
(—2x4y)? 
R.7_ Properties of Exponents and Scientific Notation 65 


Summary and Review 


Key Terms and Properties 


solution set, p. 7 

absolute value, pp. 8, 15 

opposites, or additive inverses, p. 14 

reciprocals, or multiplicative 
inverses, p. 17 

exponential notation, p. 23 

variable, p. 32 

constant, p. 32 

algebraic expression, p. 32 


natural numbers, p. 2 
whole numbers, p. 2 
integers, p. 2 

set-builder notation, p. 3 
rational numbers, p. 3 
irrational numbers, p. 4 
real numbers, p. 5 
inequalities, p. 6 
solution, p. 7 


Properties of Real Numbers 


Commutative Laws; a+b=b+a, ab=ba 
Associative Laws: a+ (b+ c)=(a+t+b)+ ec, a(bc) = (ab)c 
Distributive Laws: a(b+c)=ab+ac, a(b—c)=ab—-ac 
1 
Inverses: a+ (-a)=0, a: = 1 
Identity Property of0: a+0=a 
Identity Property of1: 1-a=a 
Property of —1: -l-a=-—a 
. 1 1 
Properties of Exponents: a'=a, a®°=1, a”= qn gm a” 
Product Rule: a™.qr=qnn 
Power Rule: (a™)? = a™ 
qal™ 
7 . — m-n 
Quotient Rule: a a 
Raising a Product to a Power: (ab)” = a"b” 


a : a\" a” ay" _ (By bP 
Raising a Quotient to a Power: (¢) ~ pn? (4) - (2) ~ an 


Scientific Notation: M X 10”, or 10”, where M is such that 1 = M < 10. 


substituting, p. 34 
evaluating, p. 34 

equivalent expressions, p. 38 
multiplicative identity, p. 39 
factor, p. 43 

like, or similar, terms, p. 46 
scientific notation, p. 58 
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? 
Concept Re 


Determine whether 


Review Exe 


Part 1 
1. Which of the fol 


inforcement 


each statement is true or false. 


1. 
2. 


[R.6b] 


Each member of the set of natural numbers is a member of the set of whole numbers. 
[R.la] 


. The opposite of —a when a < 0 is negative. 
[R.la] 


. The absolute value of any real number is positive. 


For any numbers aandb,a-— b=b—- a. 


[R.2b] 

. Zero is both positive and negative. 
[R.1d] 

[R.2e] 


- Ifcand dare real numbers and c + d = 0, then c and d are additive inverses. 


. The reciprocal of a negative number is negative. 
[R.2b] 


ono TO FW 


. The number 4.6 X 10”, where nis an integer, is greater than 0 and less than 1 
whenn <0. [R.7c] 


rcises 


Find the absolute value. [R.1d] 


9. |—7.23| 10. |9 — 9| 


lowing numbers are rational? [R.1a] 


2 == 
2,V3, == 0.4545, —23.788 


Add, subtract, multiply, or divide, if possible. [R.2a, c, d, e] 
11. 6 + (8) 12. —3.8 + (—4.1) 
2. Use set-builder notation to name the set of all real 
numbers less than or equal to 46. [R.1a] 
13 
ig, (-¥) 14. -8 — (-3) 
4 4 
3. Use < or > for to write a true sentence: [R.1b] 
—3.9 2.9. 
15. —17.3 — 9.4 16. . _ (-¥) 
2 4 
4. Write a different inequality with the same meaning as 
19 >-x. [R.1b] 
2/9 
17. (—3.8)(—2.7 18. —--| — 
(~3.8)(-2.7) =(2) 
Determine whether each of the following is true or false. 
[R.1b] 
5. -13 25 6. 7.01 = 7.01 19. —6(—7)(4) 20. —12 ~ 3 
Graph each inequality on the number line. [R.1c] Pris 84 sa 49 
7.x>—-A4 8. x<1 "4 oF 
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25, — 26. —108 + 4.5 


Evaluate —a for each of the following. [R.2b] 
27.a=—-7 28. a= 2.3 


29.a=0 


Write using exponential notation. [R.3a] 


30.a:a:a:a:a 
32. Rewrite using a positive exponent: a~4.  [R.3b] 


1 
33. Rewrite using a negative exponent: —. [R.3b] 
x 


Simplify. [R.3c] 
34, 23 — 34 + (13-5 + 67) 


35. 64 + (—4) + (—5)(20) 


Part 2 


Translate to an algebraic expression. [R.4a] 


36. Five times some number 
37. Twenty-eight percent of some number 
38. Nine less than t 


39. Eight less than the quotient of two numbers 


XS 


Evaluate. [R.4b] 
40. 5x — 7,whenx = —2 


x—y 
41. a. when x = 4andy = 20 


42. Area ofa Rug. The areaA ofa rectangle is given by 
the length / times the width w: A = lw. Find the area 
of a rectangular rug that measures 7 ft by 12 ft. [R.4b] 


we 
NA 


LORRI. 


wy 
i) 


of ‘ OR 
Mo tlie 
. by, 2% 


os, on 
Mra SH 
a 


Weta Sk ogres 


Complete each table by evaluating each expression for the 
given values. Then look for expressions that are equivalent. 
[R.5a] 


44, 
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a 


45. Use multiplying by 1 to find an equivalent expression 


with the given denominator: [R.5b] 
7 
—; 9x. 
3 


84 
46. Simplify: — >. [R.5b] 


Use a commutative law to find an equivalent expression. 
[R.5c] 


47.llt+a 48. By 


Use an associative law to find an equivalent expression. 
[R.5c] 


49. (9+ a) +b 50. 8(xy) 


Multiply. [R.5d] 


51. —3(2x — y) 52. 4ab(2c + 1) 


Factor. [R.5d] 


53. 5x + 10y — 5z 54. ptr + pts 


Collect like terms. [R.6a] 


55. 2x + 6y — 5x — y 56. 7c — 6 + 9c + 2 — 4c 


57. Find an equivalent expression without parentheses: 
—(—9c + 4d — 3). [R.6b] 


Simplify. [R.6b] 
58. 4(x — 3) — 3(x — 5) 


59. 12x — 3(2x — 5) 


60. 7x — [4 — 5(3x — 2)] 


61. 4m — 3[3(4m — 2) 


Multiply or divide, and simplify. 
62. (2x4y~3)(—5x3y~) 


[R.7a] 


Simplify. [R.7b] 
64. (—3a “hc?)? 


—2x4y~4]-4 
a 


65. 
| 3x~2y 


Multiply or divide, and write scientific notation for the 
answer. [R.7c] 


2.2 x 107 
"3.2 x 10°3 


67. (3.2 X 104)(4.1 x 1076) 


Summary and Review: Chapter R 69 


68. Finance. A mil is one thousandth of a dollar. The tax- 
ation rate in a certain school district is 5.0 mils for 
every dollar of assessed valuation. The assessed valua- 
tion for the district is 13.4 million dollars. How much 
tax revenue will be raised? [R.7c] 


69. Volume of a Plastic Sheet. The volume of a rectangu- 
lar solid is given by the length / times the width w times 
the height h: V = lwh. A sheet of plastic has a thickness 
of 0.00015 m. The sheet is 1.2 m by 79 m. Find the vol- 
ume of the sheet and express the answer in scientific 
notation. [R.4b], [R.7c] 


x-4 


70. Evaluate : when x = 5andy= —4.  [R.4b] 


A. —8 B. —7 
Ci D. 7 


71. Use the commutative and the associative laws to deter- 
mine which expression is not equivalent to 2x + y. 


[R.5c] 

A. 2y + x B.x-2+y 

C. y + 2x Dy+x-2 
Synthesis 


72. Simplify: (xY - x3Y)3. [R.7b] 
73. Ifa = 2* and b = 2**5, finda !b. [R.7a] 


74. Which of the following expressions are equivalent? 


[R.5d], [R.7b] 

a) 3x — 3y b) 3x —y 
c) x 2x9 d) x10 

e) x73 f) (x77) 
g) x(yz) h) x(y + 2) 
i) 3(x — y) jp xy t+ xz 


Understanding Through Discussion and Writing 


To the student and the instructor: The Understanding 
Through Discussion and Writing exercises are meant to 

be answered with one or more sentences. They can be dis- 
cussed and answered collaboratively by the entire class or 
by small groups. 


1. List five examples of rational numbers that are not 
integers and explain why they are not. [R.1la] 


2. Explain in your own words why / is not defined. [R.2e] 


3. If the base and the height of a triangle are doubled, 
does its area double? Explain. [R.4b] 


x 


4. If the base and the height of a parallelogram are 
doubled, does its area double? Explain. (See Exercise 44 
in Exercise Set R.4.) [R.4b] 


5. A $20 bill weighs about 2.2 x 1079 Ib. A criminal claims 
to be carrying $5 million in $20 bills in his suitcase. Is 
this possible? Why or why not? —_[R.7c] 


6. fawa When a calculator indicates that 
517 = 7,629394531 x 10!!, you know that an 
approximation is being made. How can you tell? 
(Hint: What should the ones digit be?) [R.7c] 
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For Extra Help 


Test & “Test Pre Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
S EP on DVD, in mymathLabl) , and on You{{ii (search “BittingerinterAlgPB” and click on “Channels”). 


Part 1 
1. Which of the following numbers are irrational? 2. Use set-builder notation to name the set of real numbers 
2 as greater than 20. 
=4130 V7, ~3° 2376, 7 
3. Use < or > for to write a true sentence: 4. Write a different inequality with the same meaning as 
-4.5 (] -8.7. SE 
Is each of the following true or false? 
6 2 6 @ =3 = =6 7. Graph x > —2 on the number line. 
ee ee 
Find the absolute value. 
7 
8. |0| ), -4 
8 
Add, subtract, multiply, or divide, if possible. 
5 @ 
TN 7 se 8) 5c (75) Ie (-Z) 
1 
13. —6 — (-5) 14, -18.2- 115 igs (-3) 
4 2, 
4 15 
16. (—4.1)(8.2) 17. -4(-2) 18. —6(—4)(-11)2 
) 16 
=10 5 15 
IIgs =79) = (=—5 Ah = .- + {| - 
() 2 au 2 ( a 
=3 
(aja, IAS) ID, = (10) Se =a 
Evaluate —a for each of the following. 
24.a= —-13 20. 40 — 0 
1 
26. Write exponential notation: q-q-q- q. 27. Rewrite using a negative exponent: —>. 
a 
Simplify. 
only Wein 2 aye 
28.1 — (2-5)? +5+ 10-4? 29, —__.____—. 
42 = 32 
Part 2 
Translate to an algebraic expression. 
30. Nine more than ¢ 31. Twelve less than the quotient of two numbers 


32. Evaluate 3x — 3y when x = 2andy = —4. 


33. Area of a Triangular Stamp. The area A of a triangle is 
given by A = 5bh. Find the area of a triangular stamp 
whose base measures 3 cm and whose height measures 
2-OrGis 


Test: Chapter R 71 


Complete a table by evaluating each expression for x = —1, x = 


equivalent. Answer yes or no. 
34. x(x — 3); x* — 3x 


36. Use multiplying by 1 to find an equivalent expression 
with the given denominator. 


3 

=e Sioxe 

4 
Use a commutative law to find an equivalent expression. 
38. pq 39.¢+4 


Multiply. 
42. —2(3a — 4b) 


Factor. 
44. ab — ac + 2ad 


Collect like terms. 
46. Gy — 8x + 4y + 3x 


10, and x = 0. Then determine whether the expressions are 


35. 3x + 5x2; 8x2 


37. Simplify: 
—54x 
—36x 


Use an associative law to find an equivalent expression. 
40.3 + (t+ w) 41. (4a)b 


43. 377(s + 1) 


45. 2ah +h 


As a = Tear lah ae Zl 


48. Find an equivalent expression without parentheses: —(—9x + 7y — 22). 


Simplify. 
AG), =e ar 2)) = Age = B) 


Multiply or divide, and simplify. 
—12x3y-4 
Bie 
8x76 
53. (5a4”)(—10a°”) 


Simplify. 


55. (—3a 3b2c) 4 


57. Convert to scientific notation: 0.0000437. 


Multiply or divide, and write scientific notation for the answer. 


iL (Gir < IO yes x 10) 


Ai, ase = [6 = Bese = 5))] 


52. (3a4b-2)(—2a5p-3) 


—60x3! 
12%" 


54, 


_5q-2p8 }-4 
‘ | cad 


1.2 x 10712 
” 6.4 x 1077 


60. Mass of Pluto. The mass of Earth is 5.98 < 1024kg. The mass of the dwarf planet Pluto is about 0.002 times the mass of 
Earth. Find the mass of Pluto and express the answer in scientific notation. 


A. 29.9 x 1076kg B. 2.99 X 102’kg 


C. 1.196 x 1022ke D. 11.96 x 102! kg 


Synthesis 

61. Which of the following expressions are equivalent? 
a) x 3x4 b) x!2 c) x! d) 5x +5 ese 
1) Se se 1) g) 5x In) & ap bey i) 5(xy) jp (5x)y 
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CHAPTER 


Solving Linear Equations 
and Inequalities 


1.1 
1.2 Formulas and Applications 


Solving Equations 


1.3 Applications and Problem Solvi 

MID-CHAPTER REVIEW : 

1.4 Sets, Inequalities, and _— 
Interval Notation 

TRANSLATING FOR SUCCESS 

1.5 Intersections, Unions, and = 


Compound Inequalities ~~ és 


1.6 Absolute-Value Equations 
and Inequalities a 


SUMMARY AND REVIEW 
TEST 


Real-World Application 


Pizza Hut and Domino's Pizza are the top pizza chains in the United States. In 2008, 
Pizza Hut’s sales totaled $10.2 billion. This was $4.8 billion more than the total sales 
for Domino's. What was the total for Domino’s? 


Source: Directory of Chain Restaurant Operators 


This problem appears as Exercise 30 in the Mid-Chapter Review. 
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SKILL TO REVIEW 
Objective R.2d: Multiply real 
numbers. 


Consider the following equations. 


fy) Se ah 7/ 
b)5—-—1=2 
c) 21+ 2 = 24 
GQ) e— = 12 
eb9-x=x 
f) 13+ 2=15 


1. Which equations are true? 
2. Which equations are false? 


3. Which equations are neither 
true nor false? 


Answers 


Skill to Review: 
5 
11 2. a 
Margin Exercises: 
1. (a),() 2. (b),( =3. A), ©) 


(a) Equations and Solutions 


In order to solve many kinds of problems, we must be able to solve equations. 
Some examples of equations are 


3+5=8, 15-10=2+3, 
x + 8 = 23, 5x -2=9-x. 


An equation is a number sentence that says that the expressions on 
either side of the equals sign, =, represent the same number. 


The sentence “15 — 10 = 2 + 3” asserts that the expressions 15 — 10 
and 2 + 3 name the same number. It is a true equation because both repre- 
sent the number 5. 

Some equations are true. Some are false. Some are neither true nor false. 


! EXAMPLES Determine whether the equation is true, false, or neither. 


11+10=11 Both expressions represent 11. The equation is true. 


2.7-8=9- 13 7 — 8 represents —1 and 9 — 13 represents —4. The 
equation is false. 


3.x-9=3 The equation is neither true nor false, because we do 
not know what number x represents. 


Do Margin Exercises 1-3. J 


If an equation contains a variable, then some replacements or values of 
the variable may make it true and some may make it false. 


SOLUTION OF AN EQUATION 


The replacements for the variable that make an equation true are 


called the solutions of the equation. The set of all solutions is called 
the solution set of the equation. When we find all the solutions, we 
say that we have solved the equation. 


To determine whether a number is a solution of an equation, we evaluate 
the algebraic expression on each side of the equals sign by substitution. If the 
values are the same, then the number is a solution of the equation. If they are 
not, then the number is not a solution. 
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. EXAMPLE 4 Determine whether 5 is a solution of x + 6 = 11. 


x+6=11 Writing the equation 

st Ree 

5+6? 11 Substituting 5 for x 
11 | TRUE 


Since the left-hand side and the right-hand side are the same, 5 is a solution 
of the equation. 


' EXAMPLE 5. Determine whether 18 is a solution of 2x — 3 = 5. 


We have 
2x-3=5 Writing the equation 
2-18-3725 Substituting 18 for x Determine whether the given 
36 — 3 number is a solution of the 
33 FALSE given equation. 


a GE oe ap a) = Ils} 
Since the left-hand side and the right-hand side are not the same, 18 is nota 


solution of the equation. ) 5. —4; 7x = 16 
Do Exercises 4-6. 6. 5; 2x + 3 = 13 


Equivalent Equations 
Consider the equation 


x= 5. 


The solution of this equation is easily “seen” to be 5. If we replace x with 5, 
we get 


5 = 5, which is true. 


In Example 4, we saw that the solution of the equation x + 6 = 11 is also 
5, but the fact that 5 is the solution is not so readily apparent. We now con- 
sider principles that allow us to start with one equation and end up with an 
equivalent equation, like x = 5, in which the variable is alone on one side, 
and for which the solution is read directly from the equation. 
7. Determine whether 


3x+2= 11 d =3 
EQUIVALENT EQUATIONS ue ae 
are equivalent. 


Equations with the same solutions are called equivalent equations. : 
8. Determine whether 


4=G0= = aml oS = 


Do Exercises 7 and 8. are equivalent. 
(b) The Addition Principle 


One of the principles we use in solving equations involves addition. The 
equation a = b says that a and b represent the same number. Suppose that 
a = bis true and we then add a number c to a. We will get the same result if 
we add c to b, because a and b are the same number. 


THE ADDITION PRINCIPLE 


For any real numbers a, b, and c, 
a=b isequivalentto a+c=b+e. Aasees 
4. Yes 5. No 6. Yes 7. Yes’ 8. No 
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To the student: 


At the front of the text, you will 
find a Student Organizer card. 
This pullout card will help you 
keep track of important dates 
and useful contact information. 
You can also use it to plan time 
for class, study, work, and relax- 
ation. By managing your time 
wisely, you will provide yourself 
the best possible opportunity to 
be successful in this course. 


When we use the addition principle, we sometimes say that we “add the 
same number on both sides of an equation.” We can also “subtract the same 
number on both sides of an equation,” because we can express subtraction as 
the addition of an opposite. That is, 


a-c=b-c isequivalentto a+ (-—c) =b+ (-c). 


EXAMPLE 6 Solve: x + 6 = 11. 
x+6=11 


) both sides or subtracting 6 on both sides. 
x+6-6=11—6 Note that 6 and —6 are opposites. 


x+0=5 Simplifying 
x=5 Using the identity property of 0: x + 0 = x 


x+6+(-6) =11+( Using the addition principle: adding —6 on 


Check: x+6=11 


5+ 6? 11 Substituting 5 for x 
11 | TRUE 


The solution is 11. ) 


In Example 6, we wanted to get x alone so that we could readily see the 
solution, so we added the opposite of 6. This eliminated the 6 on the left, giv- 
ing us the additive identity 0, which when added to x is x. We began with 
x + 6 = 11. Using the addition principle, we derived a simpler equation, 
x = 5. The equations x + 6 = 11 and x = 5 are equivalent. 


EXAMPLE 7 Solve: y — 4.7 = 13.9. 


y-47 = 139 


y- 47+ 4.7 = 13.9 + 4.7 Using the addition principle: adding 4.7 on both 
sides. Note that —4.7 and 4.7 are opposites. 


y+0= 18.6 Simplifying 
y = 18.6 Using the identity property of 0: y+ 0=y 
Check: y — 4.7 = 13.9 
18.6 — 4.7 ? 13.9 Substituting 18.6 for y 
13.9 | TRUE 
The solution is 18.6. ) 
| EXAMPLE 8 Solve: -3 + x = —2 
as eer 8 
8 ewe 
34 ( 3) = 3 ( 3) Using the addition principle: adding 2 
O+x= 9-3 
3.7_5.8 Multiplying by 1 to obtain the 


least common denominator 
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Check: —J4+x5 -3 
-} + (-2) @ —3 Substituting — #? for x 
3,7 19 Solve using the addition principle. 
aoe ne) ip 
21 19 bh par.) = 2 
a) 
40 
— 40 il 3 
% 10.x+—=-= 
-2 TRUE 2 5 
The solution is — 22. ) Hil 13} = =25) =e 4) 


Do Exercises 9-12. 12. y — 61.4 = 78.9 
(c) The Multiplication Principle 


A second principle for solving equations involves multiplication. Suppose 
that a = bis true and we multiply a by a nonzero number c. We get the same 
result if we multiply b by c, because a and b are the same number. 


THE MULTIPLICATION PRINCIPLE 


For any real numbers a, b, andc, c # 0, 


a=b isequivalentto a-c=b-c. 


EXAMPLE 9 Solve: $x = 22. 
4x = 22 


3-¢x = 3-22 Multiplying by3, the reciprocal of 4 


l-x=F Multiplying and simplifying 
x= 33 Using the identity property of 1: 1- x = x 
Check: ax = 22 
22 | TRUE 
The solution is >. ) 


In Example 9, in order to get x alone, we multiplied by the multiplicative 
inverse, or reciprocal, of 4, When we multiplied, we got the multiplicative 
identity 1 times x, or 1 - x, which simplified to x. This enabled us to eliminate 
the # on the left. 

The multiplication principle also tells us that we can “divide by a nonzero 
number on both sides” because division is the same as multiplying by a recip- 
rocal. That is, 


a b 1 1 
—=— isequivalentto a-—=b-—, whenc#0. 
€ ¢ Cc Cc 


In a product like $x, the number in front of the variable is called the 
coefficient. When this number is in fraction notation, it is usually most con- 
venient to multiply both sides by its reciprocal. If the coefficient is an inte- 
ger or is in decimal notation, it is usually more convenient to divide by the 
coefficient. 
Answers 


17 
9-7 10.-— 11.38 12. 140.3 
20 
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| EXAMPLE 10 Solve: 4x = 9. 


4x =9 
4x _9 Using the multiplication principle: multiplying on both 
4 4 sides by} or dividing on both sides by the coefficient, 4 
1-x= - Simplifying 
_9 ‘neta ident fice 
Solve using the multiplication x= ri Using the identity property of 1: 1- x = x 
principle. 
13. 8x = 10 Check: 4x =9 
9 
3 4-729 
14. —Ty = 21 9 | TRUE 
The solution is}. ) 
6 
15. —4x = -= 
sed a Do Exercises 13-15. J 
' EXAMPLE 11 Solve: 5.5 = —0.05y. 
5.5 = —0.05y 
= (hildingie tas enboteld 
005 > —0.05 ividing by —0.05 on both sides 
5.5 
—— =]. 
-0.05. 
-1l0=y 
The check is left to the student. The solution is —110. ) 


Note that equations are reversible. That is, a = b is equivalent to b = a. 
Thus, —110 = yand y = —110 are equivalent, and the solution of both equa- 
tions is —110. 


Do Exercise 16. 


16. Solve: —12.6 = 4.2y. 


| EXAMPLE 12. Solve: -i= 10. 


-~= = 10 
7: 
1 x 1 
=e we “i002 UA 
1 
4: ( a) =-—4-10 Multiplying by —4 on both sides 
1-x = —40 Simplifying 
Solve 
= —40 
Ws = = 17 
8 The check is left to the student. The solution is —40. ) 
18. —x = —5 Do Exercises 17 and 18. | 
Answers 
13.2 14-49 15.2 16, -3 
4 14 
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Solving Linear Equations and Inequalities 


(d) Using the Principles Together 


Let’s see how we can use the addition and multiplication principles together. 


| EXAMPLE 13 Solve: 3x — 4 = 13. 
3x —4= 13 
3x-4+4=13+4 Using the addition principle: adding 4 
3x = 17 Simplifying 
3x 17 
3 3 
17 
Ey 


Dividing by 3 


x= 


Simplifying 


Check: 3x -—4= 13 
3-27-4213 
17-4 
13 TRUE 


The solution is 47, or 54. 


In algebra, “improper” fraction notation, 
such as ae is quite “proper.” We will generally 


use such notation rather than 58 : 


p 
Do Exercise 19. 19. Solve: —4 + 9x = 8. 


In a situation such as Example 13, it is easier to first use the addition 
principle. In a situation in which fractions or decimals are involved, it may 
be easier to use the multiplication principle first to clear them, but it is not 
mandatory. 


) EXAMPLE 14 Clear the fractions and solve: 4x + 3 = ¥. 


We multiply on both sides by the least common multiple of the 
denominators—in this case, 16: 


ax+5=7 The LCM of the denominators is 16. 


16(75x +3) = 16(44) Multiplying by 16 


Rl 


16- 3x + 16-5 = 22 Carrying out the multiplication. We use 
the distributive law on the left, being 
careful to multiply both terms by 16. 


3x + 8 = 22 Simplifying. The fractions are cleared. 
3x + 8-— 8 = 22-8 Subtracting 8 
3x = 14 
3x 14 peer 
3° 3 Dividing by 3 20. Clear the fractions and solve: 
2 § 1 
14 fa oun eye 
2s y : 
x= 
3 3. 6 3 
The number ¥ checks and is the solution. ) 
| Do Exercise 20. Asians 
19.4 20, 4 -5y=2;2 


11 Solving Equations 79 


! EXAMPLE 15. Clear the decimals and solve: 12.4 — 5.12x = 3.14x. 

We multiply on both sides by a power of ten—10, 100, 1000, and so on— 
to clear the equation of decimals. In this case, we use 102, or 100, because the 
greatest number of decimal places is 2. 

12.4 — 5.12x = 3.14x 
100(12.4 — 5.12x) = 100(3.14x) Multiplying by 100 


100(12.4) — 100(5.12x) = 314x Carrying out the multiplication. We 
use the distributive law on the left. 


1240 — 512x = 314x simplifying 
1240 — 512x + 512x = 314x+512x Adding 512x 
1240 = 826x 
1240 826x 
ees Dividing by 826 
826 826 ane 
1240 620 
= —— or —— 
826’ 413 
The solution is $3. ) 


21. Clear the decimals and solve: 
6.3x — 9.1 = 3x. Do Exercise 21. | 


When there are like terms on the same side of an equation, we collect 
them. If there are like terms on opposite sides of an equation, we use the ad- 
dition principle to get them on the same side of the equation. 


| EXAMPLE 16 Solve: 8x + 6 — 2x = —4x - 14. 
8x + 6 — 2x = —4x - 14 


6x +6= —4x—- 14 Collecting like terms on the left 
4x + 6x + 6 = 4x — 4x - 14 Adding 4x 
10x+6=-14 Collecting like terms 
10x+6-6=-14-6 Subtracting 6 
10x = —20 
1 =2) 
a = = Dividing by 10 
x= 2 
Check: 8x +6 —-— 2x = —-4x—- 14 
Bole: 8(-2) + 6 — 2(—-2) ? -4(-2) — 14 
Do ee = 16+6+4| 8-14 
2 2 —6 | -6 TRUE 
23044 — 0196 70.7 =.= 2.2 The solution is —2. ) 
Pi Sane ar 2 ae bee = Se — 1G} Do Exercises 22-24. | 


Answers 


91 
21. 63x — 91 = 30x; 33 22.3 23. FS 


17 


24, — 
2 
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Special Cases 
Some equations have no solution. 


' EXAMPLE 17 Solve: —8x + 5 = 14 - 8x. 
We have 
—8x+5= 14 —- 8x 
8x — 8x +5 = 8x + 14 — Bx Adding 8x 
5 = 14. We get a false equation. 


No matter what number we use for x, we get a false sentence. Thus the equa- 
tion has no solution. 


There are some equations for which any real number is a solution. 


' EXAMPLE 18 Solve: —8x + 5 =5 — 8x. 
We have 
—-8x+5=5- 8x 
8x — 8x +5 = 8x + 5 — Bx Adding 8x 


5 = 5. We get a true equation. 
Replacing x with any real number gives a true sentence. Thus any real num- Solve. 
ber is a solution. The equation has infinitely many solutions. 25.44+ 7x = 7x +9 


Do Exercises 25 and 26. 26.3 + 9x = 9x + 3 


Equations Containing Parentheses 


Equations containing parentheses can often be solved by first multiplying to 
remove parentheses and then proceeding as before. 


) EXAMPLE 19 Solve: 30 + 5(x + 3) = —3 + 5x + 48. 
We have 


30 + 5(x + 3) = -3 + 5x + 48 


30 + 5x + 15 = —-3 + 5x + 48 Multiplying, using the distributive 
law, to remove parentheses 


45 + 5x = 45 + 5x Collecting like terms on each side 
45+5x—-5x=45+5x-—5x — Subtracting 5x Solve. 
45 = 45. Simplifying. We get a true equation. 27. 7x — 17 = 4 + 7(x — 3) 
All real numbers are solutions. i Ps}, ise ap Age sp 2) = Mik se 7a 


| Do Exercises 27-29. PAS, She sp Ge ap Z)) = il ar 7 


Answers 


25. Nosolution 26. All real numbers are 
solutions. 27. All real numbers are 
5 


solutions. 28. Nosolution 29. “7 
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| EXAMPLE 20 Solve: 3(7 — 2x) = 14 — 8(x — 1). 


[Vv 
3(7 — 2x) = 14 — 8(x - 1) 
21 — 6x = 14- 8x + 8 Multiplying, using the distributive 
law, to remove parentheses 
21 — 6x = 22 — 8x Collecting like terms 
21 — 6x + 8x = 22 — 8x + Bx Adding 8x 
21+ 2x = 22 Collecting like terms 
21 + 2x — 21 = 22 —- 21 Subtracting 21 
2x =1 
2 1 
= =3 Dividing by 2 
1 
x= 
2 
Check: 3(7 — 2x) = 14 — 8(x — 1) 
T 
(7 = 254) 2? 14= 8(5 = 1} 
3(7= 1) | 14=a(-3} 
3-6) 14+4 
Salen) 18 | 18 TRUE 
30. 30 + 7(x — 1) = 3(2x + 7) The solution is}. ) 


Gils Gy = 1) = l= 2 — BGy ae 5) Do Exercises 30 and 31. J 


AN EQUATION-SOLVING PROCEDURE 


1. Clear the equation of fractions or decimals if that is needed. 


2. If parentheses occur, multiply to remove them using the 
distributive law. 


3. Collect like terms on each side of the equation, if necessary. 


4. Use the addition principle to get all terms with letters on one side 
and all other terms on the other side. 


5. Collect like terms on each side again, if necessary. 
6. Use the multiplication principle to solve for the variable. 


The following table describes the kinds of solutions we have considered. 


EQUIVALENT NUMBER OF 
EQUATION SOLUTIONS SOLUTION(S) 


x = a, where ais areal One The number a 
number 
A true equation, such as Infinitely many Every real number is a 
8 = 8, -15 = —-15,or0 = 0 solution. 
A false equation, such as Zero There are no solutions. 
Ss) = bh 2) = By) Grell, 5 
4 


Answers 


30. =2)) 31. as 
8 
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i Calculator Corner 


Checking Possible Solutions Although a calculator is not required for this textbook, the book contains a series of 
optional discussions on using a graphing calculator. The keystrokes for the Tl-84 Plus graphing calculator will be shown throughout. For 
keystrokes for other models of calculators, consult the user's manual for your particular model. 

To check possible solutions of an equation on a calculator, we can substitute and carry out the calculations on each side of the equa- 
tion just as we do when we check by hand. If the left-hand and the right-hand sides of the equation have the same value, then the number 
that was substituted is a solution of the equation. To check the possible solution —2 in the equation 8x + 6 — 2x = —4x — 14 in Exam- 
ple 16, for instance, we first substitute —2 for x in the expression on the left side of the equation. We press 2) GO MQ) 
COVOWO @ GB. and get —6. Then we substitute —2 for x in the expression on the right side of the equation. We press 


OVDWOVDOU GS GB. Again, we get —6. Since the two sides of the equation have the same value when x is —2, we 
know that —2 is the solution of the equation. 


8*-2+6—-2*—-2 
—4x-2-14 


A table can also be used to check possible solutions of equations. First, we press Cy=_) to display the equation-editor screen. If an 
expression for Yl is currently entered, we place the cursor on it and press @G¥M to delete it. We do the same for any other entries that are 
present. 

Next, we position the cursor to the right of Yl = and enter the left side of the equation by pressing 2) GED GI) @) 
€D.. Then we position the cursor beside Y2 = and enter the right side of the equation by pressing —) @) GED) @. Now we 
press GXEy Geer) to display the Table Setup screen. (TBLSET is the second operation associated with the key.) On the INDPNT line, we 
position the cursor on “Ask” and press @Mgp to set up a table in Ask mode. (The settings for TblStart and ATbl are irrelevant in Ask mode.) 


Plotl Plot2 Plot3 TABLE SETUP Xx a 12 
\Y1 BH 8X+6—2X TblStart=1 a2 =(6 =6 
\Y2 i -4xX-14 ATbI=1 ae 
Wy = Indpnt: Auto 
\Y4 = Depend: EXfig] Ask 
\Ys = 
\Yo = 
\Y7 = eS 


We press Qy Gane) to display the table. (TABLE is the second operation associated with the key.) We enter the possible solu- 
tion, —2, by pressing ©) >) Gag, and see that Yl = —6 = Y2 for this value of x. This confirms that the left and right sides of the 
equation have the same value for x = —2,so —2 is the solution of the equation. 


Exercises: 
1. Use substitution to check the solutions found in Examples 9, 13, and 15. 
2. Use a table set in ASK mode to check the solutions found in Margin Exercises 24, 30, and 31. 
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For Extra Help 
AB) Exercise Set sae a 
e MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
Remember to review the objectives before doing the exercises. 
(a) Determine whether the given number is a solution of the given equation. 
1. 17; x + 23 = 40 2. 24; 47 — x = 23 3. —8; 2x —-3 = -18 4. —10; 3x + 14 = —27 
—x 2% 
Ro ee Gear = 8 7. 10; 2 — 3x = 21 8. —11; 4 — 5x = 59 
9. 19; 5x + 7 = 102 10. 9; 9y + 5 = 86 11. —11; 7(y — 1) = 84 12, -13;x+5=5+x 
(b) Solve using the addition principle. Don’t forget to check. 
13. y+ 6= 13 144x+7= 14 15. -—20 =x - 12 16. -27 =y-17 
17. -8+ x= 19 18. -8+ r=17 19. -12+z=-51 20. —37 + x = —89 
21. p — 2.96 = 83.9 22. z— 14.9 = —5.73 23 he 24 it ea 
Dp : ; . ; ; "3 oA . 1D 6 
(c) Solve using the multiplication principle. Don’t forget to check. 
25. 3x = 18 26. 5x = 30 27. —lly = 44 28. —4x = 124 
x x 
29. eae 21 30. a =25 31. —96 = —3z 32. —120 = —8y g 
e 
33. 4.8y = —28.8 34. 0.39f = —2.73 35 2c 36 Ee al é 
. 4.8y = ; - 0.39t = —2. gt oa ae 3 
2) 
& 
= 
i 
8 
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(d) Solve using the principles together. Don’t forget to check. 


37. 6x — 15 = 45 


40. 6z-7=11 


Zk 
43. —-x+— = -18 
3° 83 


49. 8x + 48 = 3x — 12 


52. 3x — 15 = 15 + 3x 


55. 5 — 4a =a-— 13 


38. 4x — 7 = 81 


41. 9t + 4 = —104 


9 91 
44, -~y+4=-— 
2 2 


47. 0.9y — 0.7y = 4.2 


50. 15x + 40 = 8x —- 9 


53. 3x —-4=5+ 12x 


56.6 —- 7x =x- 14 


39. 5x — 10 = 45 


42. 5x + 7 = —108 


6 4 32 
49. hr eS 
5 10 10 


48. 0.8t — 0.3t = 6.5 


51. 7y — 1 = 27+ 7y 


54. 9f- 4 = 14 + 15f 


57. 3m —-7=—-7-—4m 


11. Solving Equations 
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58. 


61. 


64. 


67. 


70. 


73. 


75. 


77. 


5x-8=-8+3x-x 


—-7+9x =9x-7 


5 -— 2y= -2y+5 


80 = 10(3r + 2) 


210(x — 3) = 840 


59. 


62. 


65. 


68. 


71. 


5x+3=11-4x+x 


—3t+4=5-3t 
2(x + 7) = 4x 

27 = 9(5y — 2) 

5y — (2y — 10) = 25 


76. 
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60. 


63. 


66. 


69. 


72. 


6y + 20 = 10+ 3y+y 


6y -8=9 + by 


3(y + 6) = 9y 


180(n — 2) = 900 


8x — (3x — 5) = 40 


2(7x — 4)] 


1 
20 = — (241 — 144) 


Copyright © 2011 Pearson Education, Inc. 


79. 3[5 — 3(4 — t)] — 2 = 5[3(5t — 4) + 8] — 26 80. 6[4(8 — y) — 5(9 + 3y)] — 21 7[3(7 + 4y) — 4] 


277 5 3 3 Ry. Ma 
81. 2(2 t tx) 8 8 82 3(ax ) ee 
83. 5(4x — 3) — 2(6 — 8x) + 10(—2x + 7) = —4(9 — 12x) 84. 9(4x + 7) — 3(5x — 8) = 6(3 — x) -— 5(3 + 2x) 


Skill Maintenance 


This heading indicates that the exercises that follow are Skill Maintenance exercises, which review any skill previously studied in 
the text. You will see them in virtually every exercise set. Answers to all skill maintenance exercises are found at the back of the 
book. If you miss an exercise, restudy the objective shown in red. 


Multiply or divide, and simplify. [R.7a] 


-9 6xdy~4 
9. 23 ay 54,4) ( 2 y—34,-7 —- 
85. a a 86. a 87. (6x°y *)(—3x °y‘) 88. ~3x-3y7 
Multiply. [R.5d] 
89. 2(6 — 10x) 90. —1(5 — 6x) 91. —4(3x — 2y + z) 92. 5(—2x + 7y — 4) 
Factor. [R.5d] 
93. 2x — 6y 94. —4x — 24y 95. 4x — 10y + 2 96. —10x + 35y — 20 
97. Name the set consisting of the positive integers less 98. Name the set consisting of the negative integers 
than 10, using both roster notation and set-builder greater than —9 using both roster notation and 
notation. [R.la] set-builder notation. [R.1la] 


Synthesis 


To the student and the instructor: The Synthesis exercises found at the end of every exercise set challenge students to combine 
concepts or skills studied in that section or in preceding parts of the text. 


Solve. (The symbol l@w4 indicates an exercise designed to be done using a calculator.) 


99. Tawa 4.23x — 17.898 = —1.65x — 42.454 100. fed —0.00458y + 1.7787 = 13.002y — 1.005 
101, 2 42% 13x 2 #5 i 2 eS eI 
2°3 6 3 6 6 8 3 


103. x — {3x — [2x — (5x — (7x - 1))]} =x+7 
104. 23 — 2{4 + 3(x — 1)} + 5{x — 2(x + 3)} = 7{x — 2[5 — (2x + 3)]} 
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SKILL TO REVIEW 
Objective R.4b: Evaluate an 
algebraic expression by 
substitution. 


1. Evaluate “A when a= 8and 


b= 12. 
x— 


2. Evaluate y when x = 18 and 


y= 2. 


Answers 


Skill to Review: 
Ri 2.4 


(a) Evaluating and Solving Formulas 


A formula is an equation that represents or models a relationship between 
two or more quantities. For example, the relationship between the perimeter 
P of asquare and the length s of its sides is given by the formula P = 4s. The 
formula A = s* represents the relationship between the area A of a square 
and the length s of its sides. 


Perimeter: P = 4s 
Area: A = s 


Ss 


Other important geometric formulas are A = ar? (for the area A of a circle 
of radius r), C = ad (for the circumference C of a circle of diameter d), and 
A = b-h (for the area A of a parallelogram of height h and base b). A more 
complete list of geometric formulas appears on the inside back cover of this text. 


b 
A=nre C=nd A=b-h 


EXAMPLE 1 Body Mass Index. Body mass index J can be used to deter- 
mine whether an individual has a healthy weight for his or her height. An index 
in the range 18.5—24.9 indicates a normal weight. Body mass index is given by 
the formula, or model, 


703W 
I= 
H2 


d 


where Wis weight, in pounds, and H is height, in inches. 
Source: Centers for Disease Control and Prevention 


a) Lindsay Vonn of the U.S. Ski Team is 5 ft 10 in. 
tall and weighs 160 lb. What is her body mass 
index? 

b) Professional basketball player Dwight Howard 
has a body mass index of 27 and a height of 6 ft 
11 in. What is his weight? 
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a) We substitute 160 lb for Wand 5 ft 10 in., or 5- 12 + 10 = 70 in., for H. 


Then we have 
703W  703(160) 
a. ae 2 ~2 
H 70 


Thus Lindsey Vonn’s body mass index is 23.0. 


b) We substitute 27 for Jand 6 ft 1lin., or 6 - 12 + 11 = 83in., for Hand solve 
for Wusing the equation-solving principles introduced in Section 1.1: 


703W 
T= 
H2 
703W 
27 = 5) Substituting 
83 
703W 
27 = ——_ 
6889 
703W 
6889 - 27 = 6889 - —— Multiplying by 6889 
6889 1. Body Mass Index. 
186,003 = 703W Simplifying a) Roland is 6 ft 1 in. tall and 
186,003 — 703W Loy weighs 195 lb. What is his 
703. ~«» 703 Dividing by 703 enh mass index? 
265 ~ W. b) Keisha has a body mass 


index of 24.5 and a height of 
Dwight Howard weighs about 265 lb. ) 5 ft 8 in. What is her weight? 
c) Calculate your own body 


Do Exercise 1. mass index. 


If we want to make repeated calculations of W, as in Example 1(b), it 
might be easier to first solve for W, getting it alone on one side of the equa- 
tion. We “solve” for W as we did above, using the equation-solving principles 
of Section 1.1. 


703W 
' EXAMPLE 2 Solve for W: I = ip ; 
703W 
[= 5) We want this letter alone. 
H 
oo 703 W y2 -‘Multiplying by H* on both 
H2 sides to clear the fraction 
IH? = 703W Simplifying 
IH 703W 
= SS Dividing by 703 
703 703 a aad 
IH? 
—_=W 
703 ) 2 


2. Solve for m: F = i 


|__Do Exercise 2. (This is a physics formula.) 


Answers 


1. (a) 25.7; (b) 161 Ib; (c) Answers will vary. 
2.m= = 
. 2 
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! EXAMPLE 3 Solve forr: H = 2r + 3m. 


H=2r+3m We want this letter alone. 
AH — 3m = 2r Subtracting 3m 
H-3m 
2 


3. Solve form: H = 2r + 3m. Do Exercise 3. | 


) EXAMPLE 4 Solve for b: A = 3(b — 20). 


v | 


A = 3(b — 20) We want this letter alone. 
2A = 5(b — 20) Multiplying by 2 to clear the fraction 
2A = 5b — 100 Removing parentheses 


=r Dividing by 2 ) 


2A + 100 = 5b Adding 100 
2A + 100 2A 100 2A 
—.5 b, or b= 5 + 5 5 + 20 Dividing by 5 


4. Solve for c: P = =(c +e 1). 


Do Exercise 4. | 


) EXAMPLE 5 Area ofa Trapezoid. Solve for a: A = 3h(a + b). (To find 
the area of a trapezoid, take half the product of the height, h, and the sum of 
the lengths of the parallel sides, a and b.) 


A=35h(a + b) We want this letter alone. 
2A = h(a + b) Multiplying by 2 to clear the fraction 
2A = ha + hb Using the distributive law 


2A — hb = ha Subtracting hb 
2A — hb 2A hb 2A 
ae a a, or a= ‘a iF b Dividing by h ) 


Note that there is more than one correct form of the answers in Examples 
4 and 5. This is acommon occurrence when we solve formulas. 


Do Exercise 5. 


i} 
5. Solve for b: A = aha oF 10). 


Answers 
A — 2r 5 5P — 30 
3. m 4. Cc P — 10, or 
3 3 
2A — ha 2A 
5. b= or—-a 
h h 
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We used the addition principle and the multiplication principle to solve 
equations in Section 1.1. In a similar manner, we use the same principles in 
this section to solve a formula for a given letter. 


(— a 
To solve a formula for a given letter, identify the letter, and: 

1. Multiply on both sides to clear the fractions or decimals, if 
necessary. 

2. If parentheses occur, multiply to remove them using the 
distributive law. 

3. Collect like terms on each side, if necessary. This may require 
factoring if a variable is in more than one term. 

4. Using the addition principle, get all terms with the letter to be 
solved for on one side of the equation and all other terms on the 
other side. 

5. Collect like terms again, if necessary. 


6. Solve for the letter in question using the multiplication principle. 


As indicated in step (3) above, sometimes we must factor to isolate a letter. 


) EXAMPLE 6 Simple Interest. Solve for P: A = P + Prt. (To find the 
amount A to which principal P, in dollars, will grow at simple interest rate r, 
in tyears, add the principal P to the interest, Prt.) 


vv | 
A=P+ Prt We want this letter alone. 
A= P(1 + rt) Factoring (or collecting like terms) 
A 
ca P Dividing by 1 + rton both sides ) 


Do Exercise 6. 6. Solve for Q: T= Q + Qvy. 


' EXAMPLE 7 Chess Ratings. The formula 
400(W — L 
_ soocw = 2) 


R= 
N 


is used to establish a chess player’s rating R, after he or she has played N games, 
where W is the number of wins, L is the number of losses, and ris the average 
rating of the opponents. 

Source: U.S. Chess Federation 


a) Cara plays 8 games in a chess tournament, winning 5 games and losing 3. 
The average rating of her opponents is 1205. Find Cara’s chess rating. 
b) Solve the formula for L. 


a) We substitute 8 for N, 5 for W, 3 for L, and 1205 for rin the formula. Then 
we calculate R: 


400(W — L) 400(5 — 3) 
R=rt+ % = 1205 + —— = 1308. 


Answer 


ve 
1+ vy 


6. Q= 
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b) We solve as follows: 


V 
400(W — L) 
R=rt N We want this letter alone. 
400(W — L) Multiplying by N to clear 
NR = Nir + N the fraction 
400(W — L) Multiplying using the 
NR=N-r+N- N distributive law 
NR = Nr + 400(W — L) Simplifying 
NR — Nr = 400(W — L) Subtracting Nr 


NR — Nr = 400W — 400L Using the distributive law 


NR — Nr — 400W = —400L Subtracting 400W 
7. Chess Ratings. Use the formula NR — Nr — 400W _ e Dividing by —400 
given in Example 7. —400 
a) Martin plays 6 games ina Other correct forms of the answer are 
tournament, winning 2 games 
and losing 4. The average rat- L Nr + 400W — NR d L=Ww NR — Nr 
ing of his opponents is 1384. ~ 400 a 400 ~ ) 


Find Martin's chess rating. 
b) Solve the formula for W. 


Do Exercise 7. 


STUDY TIPS 


USING THIS TEXTBOOK 


e Be sure to note the symbols (a), (b), (c), and so on, 


e Stop and do the margin exercises as you study a section. 
Doing the margin exercises is one of the most effective 


that correspond to the objectives you are to master. The 
first time you see them is in the margin at the beginning 
of each section; the second time is in the subheadings of 
each section; and the third time is in the exercise set for 
the section. You will also find objective references next 
to the skill maintenance exercises in each exercise set 
and in the mid-chapter review and end-of-chapter 
review exercises, as well as in the answers to the chapter 
tests and the cumulative reviews. These objective sym- 
bols allow you to refer to the appropriate place in the 
text whenever you need to review a topic. 


Read and study each step of each example. The examples 
include important side comments that explain each 
step. These carefully chosen examples and notes pre- 
pare you for success in the exercise set. 


¢ Odd-numbered exercises. 


e Even-numbered exercises. 


ways to enhance your ability to learn mathematics from 
this text. Don't deprive yourself of its benefits! 


e Note the icons listed at the top of each exercise set. 


These refer to the many distinctive multimedia study 
aids that accompany the book. 


Often an instructor will assign 
some odd-numbered exercises. When you complete 
these, you can check your answers at the back of the book. 
If you miss any, check your work in the Student's Solutions 
Manual or ask your instructor for help. 


Whether or not your instruc- 
tor assigns the even-numbered exercises, always do 
some on your own. Remember, there are no answers 
given for the class tests, so you need to practice doing 
exercises without answers. Check your answers later 
with a friend or your instructor. 


Answers 
NR — Nr + 400L 
7. (a) About 1251; (b) W = = 
400 
NR — Nr 
or L + —— 
400 
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Exercise Set 


For Extra Help 


Mathi-xp 


PRACTICE 


MyMathLab 
(a) Solve for the given letter. 


WATCH 
1. Motion Formula: 


d= rt, forr 


(Distance d, speed r, time f) 


2. d= rt, fort 


3. Area of a Parallelogram. 


A = bh, forh 


(Area A, base b, height h) 
e 


Distance d 


4. Volume of a Sphere: 


5. Perimeter of a Rectangle: 
P= 21+ 2w, forw 
V= yar, forr? 
3 
(Volume V, radius 7) 


6. P = 21 + 2w, forl 
(Perimeter P, length /, and 
width w) 


I 
1 
7. Area of a Triangle: 8 A= poh forh 9. Average of Two Numbers: 
1 a+ 
A= 3h, for b = a? fora 
a = e +b h 
a 
+ 
10. A = oe for b 11. Force: 12. F = ma, fora 
F = ma, form 
(Force F, mass m, acceleration a) 
13. Simple Interest: 14. I = Prt, for P 
I = Prt, fort 
(Interest J, principal P, interest 
rate r, time f) 


15. Relativity: 


E = mce?, for c2 


(Energy £, mass m, speed of 
light c) 
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16. E = mc2, form 


19. Ax + By =, fory 


2 
22. F= —— for v2 


25. n = 3 (4 + b-—c), forb 


28. g =m + mnp, form 


Basal Metabolic Rate. An individual’s basal metabolic rate is the minimum number of calories required to sustain life when 
the individual is at rest. It can be thought of as the number of calories burned by an individual who sleeps all day. The 
6.8a. The formula for a woman is 


17. Q= pot for p 


20. Ax + By = cc, forx 


23. C= =m + 5), form 


26. t= a(x — y+ 2), forz 


29. T = B + Bat, forB 


18. Q= pt for gq 


T 
21. [= 1.08—, forN 
085, or 


1 
24. N= gt + w), forw 


27.d=R-— Rst, forR 


30. Z = Q- Qab, forQ 


Harris—Benedict formula for basal metabolic rate for a man is R = 66 + 


R= 655 + 4.35w + 4.7h — 4.7a. In each formula, R is in calories, w is weight, in pounds, h is height, in inches, and a is age, 


in years. 
Source: Shapefit 


31. a) Gary weighs 185 lb, is 5 ft 11 in. tall, and is 28 years old. 


Use the formula for the basal metabolic rate for a man 


to find Gary’s basal metabolic rate. 
b) Solve the formula for w. 


32. a) Alyssa weighs 145 Ib, is 5 ft 6 in. tall, and is 32 years 
old. Use the formula for the basal metabolic rate for a 
woman to find Alyssa’s basal metabolic rate. 


b) Solve the formula for h. 
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33. Caloric Requirement. The number of calories K 
required each day by a moderately active female who 
wants to maintain her weight is estimated by the 
formula 

K = 1015.25 + 6.74w + 7.29h — 7.29a, 
where w is weight, in pounds, h is height, in inches, and 
ais age, in years. 
Source: Shapefit 


a) Serena is a moderately active 25-year-old woman 
who weighs 150 lb and is 5 ft 8 in. tall. Find the 
number of calories she requires each day in order 
to maintain her weight. 

b) Solve the formula for a. 


Projecting Birth Weight. Ultrasonic images of 29-week-old 
fetuses can be used to predict birth weight. One model, or 
formula, developed by Thurnau, is P = 9.337da — 299; a 
second model, developed by Weiner, is P = 94.593c + 
34.227a — 2134.616. For both formulas, P is the estimated 
birth weight, in grams, dis the diameter of the fetal head, in 
centimeters, cis the circumference of the fetal head, in 
centimeters, and a is the circumference of the fetal 
abdomen, in centimeters. 


Sources: G. R. Thurnau, R. K. Tamura, R. E. Sabbagha, et al. Am. J. Obstet 
Gynecol 1983; 145:557; C. P. Weiner, R. E. Sabbagha, N. Vaisrub, et al. 
Obstet Gynecol! 1985; 65:812. 


35. a) Use Thurnau’s model to estimate the birth weight of 
a 29-week-old fetus when the diameter of the fetal 
head is 8.5 cm and the circumference of the fetal 
abdomen is 24.1 cm. 

b) Solve the formula for a. 


37. Young’s Rule in Medicine. Young's rule for determining 
the amount of a medicine dosage for a child is given by 
ad 
a+ 12’ 
where ais the child’s age, in years, and d is the usual 
adult dosage, in milligrams. (Warning! Do not apply this 
formula without checking with a physician!) 


Source: June Looby Olsen, et al., Medical Dosage Calculations, 6th ed. 
Reading, MA: Addison Wesley Longman, p. A-31 


a) The usual adult dosage of a particular medication is 
250 mg. Find the dosage for a child of age 3. 
b) Solve the formula for d. 


34. Caloric Requirement. The number of calories K 
required each day by a moderately active male who 
wants to maintain his weight is estimated by the formula 

K = 102.3 + 9.66w + 19.69h — 10.54a, 
where w is weight, in pounds, h is height, in inches, and 
ais age, in years. 
Source: Shapefit 


a) Dan is a moderately active man who weighs 210 Ib, is 
6 ft 2 in. tall, and is 34 years old. Find the number of 
calories he requires each day in order to maintain his 
weight. 

b) Solve the formula for a. 


36. a) Use Weiner’s model to estimate the birth weight ofa 
29-week-old fetus when the circumference of the 
fetal head is 26.7 cm and the circumference of the 
fetal abdomen is 24.1 cm. 

b) Solve the formula for c. 


38. Full-Time-Equivalent Students. Colleges accommodate 
students who need to take different total-credit-hour 
loads. They determine the number of “full-time- 
equivalent” students, F, using the formula 


n 
F=—, 
15 
where nis the total number of credits students enroll in 
for a given semester. 


a) Determine the number of full-time-equivalent 
students on a campus in which students register for 
42,690 credits. 

b) Solve the formula for n. 
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Skill Maintenance 


Divide. [R.2e] 
80 se 
39. 5 40. —2000 + (-8) 
2.(_5 90) 
so) az 
Synthesis 
Solve. 


47. A= mrs + mr, fors 


PiV, — P2V2 
= —, for Vj; for P. 
7, Ty Or V}; for Fo 


51. In Exercise 13, you solved the formula J = Prt for t. Now 
use the formula to determine how long it will take a 
deposit of $75 to earn $3 interest when invested at 5% 
simple interest. 


53. Horsepower of an Engine. The horsepower of an 
engine can be calculated by the formula 


3 
H= w(525) 
234 
where W is the weight, in pounds, of the car, including 
the driver, fluids, and fuel, and v is the maximum 


velocity, or speed, in miles per hour, of the car attained 
a quarter mile after beginning acceleration. 
a) Find the horsepower of a V-6, 2.8-liter engine if 
W = 2700 lb and v = 83 mph. 
b) Find the horsepower of a 4-cylinder, 2.0-liter engine 
if W = 31001b and v = 73 mph. 
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11 
41. -~ + — 42. + (-4, 
a a 2. 120 + (—4.8) 
=90 —80 
45. —— 46. —_— 
? 15 16 


48. s = vt + Sat, fora; for v; 


PiV, — P2V2 
50. —— = —, for T>; for P. 
TT T Or f9; Or Fy 


52. The area of the shaded triangle ABE is 20 cm?. Find the 
area of the trapezoid. (See Example 5.) 


A B 
8cm 
C &E D 
ee) 
13 cm 
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1. Familiarize. 


(a) Five Steps for Problem Solving 


One very important use of algebra is as a tool for problem solving. The follow- 
ing five-step strategy for solving problems will be used throughout this text. 


FIVE STEPS FOR PROBLEM SOLVING 


. Familiarize yourself with the problem situation. 
. Translate the problem to an equation. 

. Solve the equation. 

. Check the answer in the original problem. 

. State the answer to the problem clearly. 


Of the five steps, probably the most important is the first one: becoming 
familiar with the problem situation. Here are some hints for familiarization. 


To familiarize yourself with the problem: 


If a problem is given in words, read it carefully. 

Reread the problem, perhaps aloud. Try to verbalize the problem to 
yourself. Make notes as you read. 

List the information given and the question to be answered. 
Choose a variable (or variables) to represent the unknown(s) and 
clearly state what the variable represents. Be descriptive! For exam- 
ple, let L = length (in meters), d = distance (in miles), and so on. 


Make a drawing and label it with known information. Also, indicate 


unknown information, using specific units if given. 


Find further information if necessary. Look up a formula at the 
back of this book or in a reference book. Talk to a reference 
librarian or look up the topic using an Internet search engine. 
Make a table that lists all the information you have collected. 
Look for patterns that may help in the translation to an equation. 


Think of a possible answer and check the guess. Observe the 
manner in which the guess is checked. This will help you translate 
the problem to an equation. 


! EXAMPLE 1 Solar Panel Support. The cross section of a support for a 
solar energy panel is triangular. The second angle of the triangle is five times 
as large as the first angle. The third angle is 2° less than the first angle. Find 
the measures of the angles. 


The second and third angles are described in terms of the 
first angle so we begin by assigning a variable to the first angle. Then we 
use that variable to describe the other two angles. 


SKILL TO REVIEW 


Objective R.4a: Translate a phrase 


to an algebraic expression. 


Translate each phrase to an 
algebraic expression. 


1. Five times x 
2. 2 less than x 


STUDY TIPS 


SOLVING APPLIED 
PROBLEMS 


Dont be discouraged if, at first, 
you find the exercises in this sec- 
tion to be more challenging than 
those in earlier sections or if you 
have had difficulty doing applied 
problems in the past. Your skill 
will improve with each problem 
that you solve. After you have 
done your homework for this sec- 
tion, you might want to do extra 
problems from the text. As you 
gain experience solving applied 
problems, you will find yourself 
becoming comfortable with them. 


Answers 


Skill to Review: 
15% 2 X= 2 
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We let x = the measure of the first angle. Then 5x = the measure of 
the second angle and x — 2 = the measure of the third angle. Recall that 
the sum of the measures of the angles of a triangle is 180°. 


2. Translate. We have the following translation: 


Measure of Measure of Measure of 
firstangle plus secondangle plus thirdangle is 180° 


yf ff 


(x-— 2) = 180°. 
3. Solve. We solve the equation as follows: 
x + 5x + (x — 2) = 180 
7x — 2 = 180 Collecting like terms 
7X -2+2= 180+ 2 Adding 2 
7x = 182 Simplifying 
1. Cross Section of aRoof. Ina 7x 182 
triangular cross section of a roof, ae Dividing by 7 


the second angle is twice as large 
as the first. The third angle is 20° x = 26. 
greater than the first angle. Find 
the measures of the angles. 


Thus the possible measures of the angles are 
First angle: x = 26°; 
Second angle: 5x = 5+ 26 = 130°; 
Thirdangle: x — 2 = 26-2 = 24°. 
4. Check. Do we have a solution of the original problem? The sum of the 
measures of the angles is 
26° + 130° + 24° = 180°. 


Since the sum of the measures is 180°, the answer checks. 


5. State. The measure of the first angle is 26°, the measure of the second 
angle is 130°, and the measure of the third angle is 24°. 


Do Exercise 1. 


|) EXAMPLE 2 Price ofa Mountain Bike. Casey bought a mountain bike 
for $136. This price was 15% less than the original price of the bike. What was 
the original price? 


Answer 
1. 40°, 80°, 60° 
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1. Familiarize. We let x = the original price. 
2. Translate. 


Original Original New 
price minus 15% of price’ is price 


Pig) yey 


= 136. Translation 


3. Solve. We solve the equation: 


x — 15% - x = 136 
1x — 0.15x = 136 Replacing 15% with 0.15 
(1 — 0.15)x = 136 


Collecting like terms 
0.85x = 136 


= 160. Dividing by 0.85 
4. Check. If the original price were $160, we would have: 
Price reduction: 15% - $160 = 0.15 - 160 = $24; 
Reduced price: $160 — $24 = $136. 
We get the price that Casey paid, so the answer checks. 
5. State. The original price of the mountain bike was $160. ) 


Do Exercise 2. 


' EXAMPLE 3. Real Estate Commission. The Mendozas negotiated to pay 
the realtor who sold their house the following commission: 
6% for the first $100,000 of the selling price, and 
5.5% for the amount that exceeded $100,000. 


The realtor received a commission of $10,565 for selling the house. What was 
the selling price? 


1. Familiarize. Let's make a guess or estimate to become familiar with the 
problem. Suppose the house sold for $225,000. The realtor’s commission 
would be 


6% of $100,000 = 0.06($100,000) = $6000 
plus 
5.5% times ($225,000 — $100,000) = 0.055($125,000) = $6875. 


The total commission would be $6000 + $6875, or $12,875. Although 
our guess is not correct, the calculation we performed familiarizes us 
with the problem, and it also tells us that the house sold for less than 
$225,000, since $10,565 is less than $12,875. We let S = the selling price 
of the house. 


2. Translate. We translate as follows: 
Commision Commission on 


on the first the amount that Total 
$100,000 plus exceeds $100,000 is commission 


\| <— 


6% - 100,000 + 5.5%(S — 100,000) 10,565. 


2. Price of Cross Training Shoes. 
Acton Sporting Goods lowers the 
price of a pair of cross training 
shoes 20% to a sale price of $68. 
What was the original price? 


Answer 
2. $85 
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3. Solve. We solve the equation: 


6% - 100,000 + 5.5%(S — 100,000) = 10,565 


0.06 - 100,000 + 0.055(S — 100,000) = 10,565 Converting to 
decimal notation 
6000 + 0.055S — 0.055 - 100,000 = 10,565 Simplifying 


and using the 
distributive law 


6000 + 0.055S — 5500 = 10,565 Simplifying 
3. Real Estate Commission. The 0.055S + 500 = 10,565 Collecting like terms 


Currys negotiated to pay the _ : 
redltonwho cold their houee the 0.055S + 500 — 500 = 10,565 — 500 Subtracting 500 


following commission: 0.055S = 10,065 
7% for the first $100,000 0.055S — 10,065 sds 
of the selling price 0.055 ~«0.055 Dividing by 0.055 
and S = $183,000. 
5% for the amount that , a a 
exceeded $100,000. 4, Check. Performing the check is similar to the sample calculation in the 


a er ee Familiarize step. The check is left to the student. 


mission of $13,400 for selling the 5. State. The selling price of the house was $183,000. ) 
house. What was the selling 


price? Do Exercise 3. J 


! EXAMPLE 4 Changing Marketing Strategies. Americans are spend- 
ing more time away from home, working late hours, communicating via 
wireless devices, shopping in malls, and sitting in traffic. As a result, ad- 
vertisers and marketers are expected to spend increasingly large amounts 
of their advertising dollars in alternative media such as online videos, 
sponsored events, TV and movie product placement, and video games. 
The equation 


y = 17.36x + 70.93 


can be used to estimate the projected spending in such media, in billions 
of dollars, x years after 2007—that is, x = 0 corresponds to 2007, x = 3 
corresponds to 2010, and so on. 

Source: PO Media 


a) Estimate the amount projected to be spent advertising in alternative 
media in 2009 and in 2012. 


b) In what year was about $88 billion expected to be spent in alternative 
media? 


Since an equation is given, we know that we have the correct translation 
and thus we will not use the five-step problem-solving strategy in this case. 


a) To estimate the amount projected to be spent in 2009, we first note that 
2009 is 2 yr after 2007 (2009 — 2007 = 2). We substitute 2 for x in the 
equation: 


y = 17.36x + 70.93 = 17.36(2) + 70.93 = 105.65. 


To estimate the amount projected to be spent in 2012, we substitute 5 for 
x (2012 — 2007 = 5): 

y = 17.36x + 70.93 = 17.36(5) + 70.93 = 157.73. 
We find that $105.65 billion was projected to be spent advertising in alter- 
native media in 2009 and that the projection for 2012 was $157.73 billion. 


Answer (These estimates assume that current trends will continue.) 
3. $228,000 
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b) To determine the year in which about $88 billion was projected to be spent 
in alternative media, we substitute 88 for y in the equation and solve for x: 


y = 17.36x + 70.93 


88 = 17.36x + 70.93 Substituting 88 for y 
88 — 70.93 = 17.36x + 70.93 — 70.93 Subtracting 70.93 
17.07 = 17.36x 
eG Sse: Dividing by 17.36 
17.36 17.36 
1+ x. 


About $88 billion was projected to be spent in alternative media about 1 yr after 
2007, or in 2008. 


Do Exercise 4. 


EXAMPLE 5 Picture Framing. A piece of wood trim that is 100 in. long is 
to be cut into two pieces, and each of those pieces is to be cut into four pieces 
in order to form a square picture frame. The length of a side of one square is 
to be 15 times the length of a side of the other. How should the wood be cut? 


1. Familiarize. We first make a drawing of the situation, letting s = the 
length of a side of the smaller square, in inches, and 15s, or 3s = the 
length of a side of the larger square. Note that the perimeter (distance 
around) of each square is four times the length of a side and that the sum 
of the two perimeters must be 100 in. 


2. Translate. We reword the problem and translate: 


Perimeter of Perimeter of 
Rewording: smallersquare plus largersquare is 100 in. 


JP 
Translating: 4s + 4(5s) = 100. 
3. Solve. We solve the equation: 

4s + 4(3s) = 100 
4s + 6s = 100 Multiplying 
10s = 100 Collecting like terms 


10s ‘100 sic 
10 10. Dividing by 10 
s= 10. 


Then 4s = 4-10 = 40 and 4(3 s) = 6s = 6-10 = 60. These are the 
lengths of the pieces into which the wood is to be cut. 

4. Check. If 10 in. is the length of a side of the smaller square, then 3 10), 
or 15 in., is the length of a side of the larger square. The sum of the two 
perimeters is 


4-10+ 4-15 = 40+ 60 = 100, 
so the lengths check. 


5. State. The wood should be cut into two pieces, one 40 in. long and the 
other 60 in. long. Each piece should then be cut into four pieces of the 
same length in order to form the frames. 


| Do Exercise 5. 


4. Changing Marketing Strategies. 

Refer to Example 4. 

a) Estimate the amount 
projected to be spent 
advertising in alternative 
media in 2010 and in 2013. 

b) In what year was about 
$139 billion expected to be 
spent in alternative media? 


> 100 in. 


5. Picture Framing. Repeat 
Example 5, given that the piece 
of wood is 120 in. long. 


Answers 


4. (a) $123.01 billion, $175.09 billion; (b) 2011 
5. 48 in. and 72 in. 
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Longest piece = 2x + 13 
CBA 
_———— 
Midsize piece = x 


Seay 
Shortest piece = x —10 


6. Cutting a Board. A 106-in. 
board is cut into three pieces. 
The shortest length is two-thirds 
of the midsize length and the 
longest length is 15 in. less than 
two times the midsize length. 
Find the length of each piece. 


Answer 
6. 22 in., 33 in., 51 in. 


! EXAMPLE 6 Installing Seamless Guttering. Seamless guttering is deliv- 
ered on a continuous roll and sections are cut from the roll as needed. The 
Jordans know that they need 127 ft of guttering for six separate sections of 
their home and that the four shortest sections will be the same size. The 
longest piece of guttering is 13 ft more than twice the length of the midsize 
piece. The shortest piece of guttering is 10 ft less than the midsize piece. How 
long is each piece of guttering? 


1. Familiarize. All the pieces are described in terms of the midsize piece, 
so we begin by assigning a variable to that piece and using that variable 
to describe the lengths of the other pieces. 

We let x = the length of the midsize piece, in feet, 2x + 13 = the 
length of the longest piece, and x — 10 = the length of the shortest piece. 

2. Translate. The sum of the length of the longest piece, plus the length of 
the midsize piece, plus four times the length of the shortest piece is 127 ft. 
This gives us the following translation: 


Longest Midsize Four times the Total 
piece plus piece plus shortestpiece is length 
pasa a 


PP od ad 


\|_<—_ 


(2x +13) + 4(x — 10) 127. 
3. Solve. We solve the equation, as follows: 
(2x + 13) + x + 4(x — 10) = 127 
2x + 13+ x + 4x — 40 = 127 Using the distributive law 
7X — 27 = 127 Collecting like terms 
7X — 27 + 27 = 127 + 27 Adding 27 
7x = 154 Collecting like terms 
7x 154 secaiiee 
7 Dividing by 7 
x = 22. 


4. Check. Do we have an answer to the problem? If the length of the mid- 
size piece is 22 ft, then the length of the longest piece is 


2-22 + 13, or 57 ft, 
and the length of the shortest piece is 
22 — 10, or 12 ft. 


The sum of the lengths of the longest piece, the midsize piece, and four 
times the shortest piece must be 127 ft: 


57 ft + 22 ft + 4(12 ft) = 127 ft. 


These lengths check. 


5. State. The length of the longest piece is 57 ft, the length of the midsize 
piece is 22 ft, and the length of the shortest piece is 12 ft. 


Do Exercise 6. | 
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Sometimes applied problems involve consecutive integers like 19, 20, 21, 
22 or —34, —33, —32, -31. Consecutive integers can be represented in the 
form x,x + 1,x + 2,x + 3,andso on. 

Some examples of consecutive even integers are 20, 22, 24, 26 and —34, 
—32, —30, —28. Consecutive even integers can be represented in the form 
x,x + 2,x + 4,x + 6, and so on, as can consecutive odd integers like 19, 
21, 23, 25 and —33, —31, —29, —27. 


EXAMPLE 7 A/‘isi’s Prints. Often artists will number in sequence a limited 
number of prints in order to increase their value. An artist creates 500 prints and 
saves three for his children. The numbers of those prints are consecutive inte- 
gers whose sum is 189. Find the number of each of those prints. 


1. Familiarize. The numbers of the prints are consecutive integers. Thus 
we let x = the first integer, x + 1 = the second, and x + 2 = the third. 


2. Translate. We translate as follows: 


Firstinteger + Secondinteger + Thirdinteger = 189 
i | 
x + (x + 1) + (x + 2) = 189. 


3. Solve. We solve the equation: 


x+(x+1)+ (x + 2) = 189 


3x + 3 = 189 Collecting like terms 
3x +3 —3 = 189 — 3 Subtracting 3 
3x = 186 
3 186 
= =< Dividing by 3 
x = 62. 


Then x + 1 = 62+ 1 = 63andx + 2 = 62 + 2 = 64. 


4. Check. The numbers are 62, 63, and 64. These are consecutive integers 
and their sum is 189. The numbers check. 


5. State. The numbers of the prints are 62, 63, and 64. ) 


Do Exercise 7. 
(b) Basic Motion Problems 


When a problem deals with speed, distance, and time, we can expect to use 
the following motion formula. 


THE MOTION FORMULA 


Distance = Rate (or speed) - Time 


d= rt 


TAKE TIME TO CHECK 


It is essential to check the possible 
solution of a problem in the 
original problem. In Example 7, 
for instance, suppose we had trans- 
lated incorrectly to the equation 
x+(x+1)+ (x + 2) = 198. 
Then we would have x = 65, 

x +1 = 66,andx + 2 = 67. 
These numbers are solutions 

of the equation that we wrote, 
but they are not solutions of the 
original problem because their 
sum is not 189. 


7. Artist’s Prints. The artist in 
Example 7 saves three other 
prints for his own archives. 
These are also numbered 
consecutively. The sum of the 
numbers is 1266. Find the 
numbers of each of those prints. 


Answer 
7. 421, 422, 423 
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DIMENSIONS 


Be aware of the dimensions in a 
problem. All dimensions of the 
same type should be expressed in 
the same unit—all units of length 
in feet, for example, or all units of 
time in seconds—when the prob- 
lem is translated to an equation. 


' EXAMPLE 8 Moving Walkways. A moving walkway in O'Hare Airport is 
300 ft long and moves at a speed of 5 ft/sec. If Kate walks at a speed of 4 ft/sec, 
how long will it take her to travel the 300 ft using the moving walkway? 


1. 


. Translate. 


Familiarize. First read the problem very carefully. You might want to 
talk about it with a classmate or reword it in your mind. Organizing the 
information in a table can be very helpful. 


c >) 


Distance to be traveled 300 ft 


Kate's walking speed 4 ft/sec 


Speed of the moving walkway 5 ft/sec 


Kate's total speed on the walkway 2 


Time required 2 
pa ________________|_______H—+¥ 


Since Kate is walking on the walkway in the same direction in which 
it is moving, the two speeds can be added to determine Kate’s total speed 
on the walkway. We can then complete the table, letting tf = the time, in 
seconds, required to travel 300 ft on the moving walkway. 


(~ i 


Distance to be traveled 300 ft 


Kate's walking speed 4 ft/sec 


Speed of the moving walkway 5 ft/sec 


Kate's total speed on the walkway 9 ft/sec 


Time required t 
——————————————————_ 


To translate, we use the motion formula d = rt, where d = 
distance, r = speed, or rate, and t = time. We substitute 300 ft for d and 
9 ft/sec for r: 


8. Marine Travel. Tim’s fishing as 
boat travels 12 km/h in still 300 = 9-f. 
water. How long will it take him ee 
to travel 25 km upstream if the 3. Solve. We solve the equation: 
river’s current is 3 km/h? 25 km 300 = 9t 
downstream if the river’s current 300 9t 
is 3km/h? (Hint: To find the ee Dividing by 9 
boat’s speed traveling upstream, 9 9 
subtract the speed of the current 100 
from the speed of the boat in 3. t. 
still water. To find the boat’s 
speed downstream, add the 4. Check. At a speed of 9 ft/sec and in a time of 100/3, or 334 sec, Kate 


speed of the current to the speed 
of the boat in still water.) 


5. 


would travel d = 9 - 9° = 300 ft. This answer checks. 
State. Kate will travel the distance of 300 ft in 100/3, or 334 sec. D 


Do Exercise 8. 


Answer 


7 2 
8. 29 hr; 13 hr 
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3. Hurricane Losses. 


Exercise Set 


(a) Solve. 


1. Olympic Marathon. A marathon isa foot race that 


covers a course of about 26.2 mi. The world record time 
in the women’s marathon is held by Paula Radcliffe of 
Great Britain. At one point in her record-setting race, she 
was three times as far from the end of the course as she 
was from the starting point. How many miles had she 
run at that time? 

Source: The World Almanac 2009 


2. 


For Extra Help 


MyMathLab 


vee TA G 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


Iditarod. The Iditarod is a 1150-mi dogsled race run 
from Anchorage to Nome, Alaska, each year in March. 
The 2009 race was won by Lance Mackey. At one point, 
Mackey was four times as far from the end of the course 
as he was from the starting point. How many miles of 
the course had he completed? 

Source: espn.com 


Damages from Hurricane Katrina, 
which struck the U.S. Gulf Coast in 2005, totaled 

$81.2 billion. This was $43.1 billion more than the losses 
from Hurricane Andrew, which struck the Gulf Coast in 
1992. What were the losses from Hurricane Andrew? 
Source: National Hurricane Center 


. City Park. The residents of a downtown neighborhood 
designed a triangular-shaped park as part ofa city 
beautification program. The park is bound by streets on 
all sides. The second angle of the triangle is 7° more than 
the first. The third angle is 7° less than twice the first. 
Find the measures of the angles. 


. Charitable Contributions. 


Of the $306.4 billion in 
charitable contributions in the United States in a recent 
year, $43.3 billion went to schools and other educational 
organizations. This was $29.7 billion more than was 
earmarked for arts, culture, and the humanities. How 
much was donated for arts, culture, and the humanities? 


Source: Giving USA Foundation; The Center on Philanthropy at Indiana 
University 


Angles ofa Triangle. The second angle of a triangle is 
three times as large as the first. The measure of the third 
angle is 25° greater than that of the first angle. How large 
are the angles? 


Second angle 


First angle Third angle 
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7. Purchase Price. Elka pays $1187.20 for a computer. 8. Retail Pricing. Media Warehouse prices spindles of 


The price includes a 6% sales tax. What is the price of the recordable DVDs by raising the wholesale price of each 

computer itself? spindle 30% and adding 10¢ per disc. What is the 
wholesale price of a spindle of 50 discs that sells for 
$21.25? 

9. Perimeter of an NBA Court. The perimeter of an NBA- 10. Perimeter of a Tennis Court. The width of a standard 
sized basketball court is 288 ft. The length is 44 ft longer tennis court used for playing doubles is 42 ft less than 
than the width. Find the dimensions of the court. the length. The perimeter of the court is 228 ft. Find the 
Source: National Basketball Association dimensions of the court. 


Source: Dunlop Illustrated Encyclopedia of Facts 


11. Wire Cutting. A piece of wire that is 100 cm long is 12. Rope Cutting. A rope that is 168 ft long is to be cut 
to be cut into two pieces, each to be bent to make a into three pieces such that the second piece is 6 ft less 
square. The length of a side of one square is to be twice than three times the first, and the third is 2 ft more 
the length of a side of the other. How should the wire than two-thirds of the second. Find the length of the 
be cut? longest piece. 


\ 

13. Real Estate Commission. The Martins negotiated the 14. Real Estate Commission. The Chens negotiated the 
following real estate commission on the selling price of following real estate commission on the selling price 
their house: of their house: 

7% for the first $100,000, and 8% for the first $100,000, and 

5% for the amount that exceeds $100,000. 3% for the amount that exceeds $100,000. 
The realtor received a commission of $15,250 for selling The realtor received a commission of $9200 for selling 
the house. What was the selling price? the house. What was the selling price? 
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15. Consecutive Odd Integers. Find three consecutive odd 
integers such that the sum of the first, two times the 
second, and three times the third is 70. 


17. Consecutive Post-Office Box Numbers. The sum ofthe 
numbers on two adjacent post-office boxes is 697. What 
are the numbers? 


19. Carpet Cleaning. A1 Carpet Cleaners charges $75 to 
clean the first 200 sq ft of carpet. There is an additional 
charge of 25¢ per square foot for any footage that 
exceeds 200 sq ft and $1.40 per step for any carpeting on 
a staircase. A customer's cleaning bill was $253.95. This 
included the cleaning of a staircase with 13 steps. In ad- 
dition to the staircase, how many square feet of carpet 
did the customer have cleaned? 


21. Original Salary. An editorial assistant receives an 8% 
raise, bringing her salary to $42,066. What was her salary 
before the raise? 


16. Consecutive Even Integers. Find three consecutive even 
integers such that the sum of the first, five times the 
second, and four times the third is 1226. 


18. Consecutive Page Numbers. The sum ofthe page 
numbers on a pair of facing pages of this book is 373. 
What are the page numbers? 


x ae 1 


20. School Photos. Memory Makers prices its school pho- 
tos as shown here. 


1 sheet of 6 extra 
wallet-sizes 


The Martinez family purchases the basic package for 
each of its three children, along with extra wallet-size 
photos. How many wallet-size photos did they buy in all 
if their total bill for the photos is $57? 


22. Original Salary. After a salesman receives a 5% raise, 
his new salary is $40,530. What was his old salary? 
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23. 


25. 


Tracking Cybercrimes. In 2008, there were 5488 
reported incidents of unauthorized access to 
government computers and installation of malicious 
software that could be used to control or steal sensitive 
data. This was an increase of about 153% over the 
number of such incidents reported in 2006. How many 
incidents were reported in 2006? 

Source: U.S. Computer Emergency Readiness Team 


Laptop Computer Sales. The equation 
y = 22.8x + 45.6 
can be used to estimate the number of laptop computers 
sold worldwide, in millions, x years after 2004. That is, 
x = Ocorresponds to 2004, x = 3 corresponds to 2007, 
and so on. 
Source: iSuppli 
a) Estimate the number of laptops sold in 2005 and in 
2008. 
b) In what year will 182.4 million laptops have been 
sold? 


(b) Solve. 


27. 


29. 


Cruising Altitude. A Boeing 767 has been instructed to 
climb from its present altitude of 8000 ft to a cruising 
altitude of 29,000 ft. The plane ascends at a rate of 

3500 ft/min. How long will it take the plane to reach the 
cruising altitude? 


Boating. Jen’s motorboat travels at a speed of 10 mph 
in still water. Booth River flows at a speed of 2 mph. How 
long will it take Jen to travel 15 mi downstream? 15 mi 
upstream? 
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24. Patents Issued. About 182,900 patents were issued by 


the U.S. government in 2007. This was a decrease of about 
7% from the number of patents issued in 2006. How many 
patents were issued in 2006? 

Source: U.S. Patent and Trademark Office 


Desktop Computer Sales. The equation 
y = 4.0x + 140.3 
can be used to estimate the number of desktop comput- 
ers sold worldwide, in millions, x years after 2004. That 
is, x = 0 corresponds to 2004, x = 3 corresponds to 
2007, and so on. 
Source: iSuppli 
a) Estimate the number of desktop computers sold in 2006 
and in 2009. 
b) In what year were 156.3 million desktop computers 
sold? 


. Flightintoa Headwind. An airplane traveling 390 mph 


in still air encounters a 65-mph headwind. How long will 
it take the plane to travel 725 mi into the wind? 


30. Air Travel. A pilot has been instructed to descend from 


an altitude of 26,000 ft to 11,000 ft. If the pilot descends 
at a rate of 2500 ft/min, how long will it take the plane to 
reach the new altitude? 
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31. River Cruising. Now being used as a floating hotel and 
restaurant in Chattanooga, Tennessee, the Delta Queen 
is a sternwheel steamboat that once cruised the Missis- 
sippi River system. It was not uncommon for the Delta 
Queen to travel at a speed of 7 mph in still water and 
for the Mississippi to flow at a speed of 3 mph. At these 
rates, how long did it take the boat to cruise 2 mi 
upstream? 

Sources: Delta Queen information; The Natchez Democrat, February 12, 2009 


Skill Maintenance 


32. 


Swimming. Fran swims ata speed of 5 mph in still 
water. The Lazy River flows at a speed of 2.3 mph. How 
long will it take Fran to swim 1.8 mi upstream? 1.8 mi 
downstream? 


Simplify. [R.3c] 
33. —44-55 — 22 34. 16-8 + 200 + 25-10 


37. 5* — 2-5-12 + 122 38. (5 — 12)(5 + 12) 


41. [—64 + (—4)] + (-16) 42. —64 + [—4 + (—16)] 


Synthesis 


45. ms Real Estate Prices. Home prices in Panduski 
increased 1% from 2007 to 2008. Prices dropped 3% 
from 2008 to 2009 and dropped another 7% from 2009 to 
2010. If a house sold for $105,000 in 2010, what was it 
worth in 2007? (Round to the nearest dollar.) 


35. (5 — 12)? 36. 5% — 122 

o, 12/8 - 10/ + 9-6 ie (9 — 4)* + (8 — 11)2 
; 54+ 45 ; 42 + 22 

43, 218 = 25 = 28 44, 215.25. 23 


46. Adjusted Wages. Christina’s salary is reduced n% dur- 


ing a period of financial difficulty. By what number 
should her salary be multiplied in order to bring it back 
to where it was before the reduction? 
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47. 


49. 


Sl. 


53. 


55. 


Novels. A literature professor owns 400 novels. The 
number of horror novels is 46% of the number of science 
fiction novels; the number of science fiction novels is 
65% of the number of romance novels; and the number 
of mystery novels is 17% of the number of horror novels. 
How many science fiction novels does the professor 
own? (Round to the nearest one.) 


Population Change. The yearly changes in the popu- 
lation census of Poplarville for three consecutive years 
are, respectively, a 20% increase, a 30% increase, and a 
20% decrease. What is the total percent change from the 
beginning of the first year to the end of the third year, 

to the nearest percent? 


Watch Time. Your watch loses 13 sec every hour. You 
have a friend whose watch gains 1 sec every hour. The 
watches show the same time now. After how many more 
seconds will they show the same time again? 


Write a problem for a classmate to solve. Devise the prob- 
lem so that the solution is, “The material should be cut 
into two pieces, one 30 cm long and the other 45 cm long.” 


Geometry. Consider the geometric figure below. Sup- 
pose that L||M,m2Z8 = 5x + 25,andmZ4 = 8x + 4. 
Find m 42 andm/1. 
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48. NBA Shot Clock. The National Basketball Association 
operates a 24-sec shot clock to time possessions of the 
ball. If the offensive team does not attempt a field goal 
within 24 sec, it loses possession of the ball. The number 
24 was arrived at by dividing the total number of seconds 
in a game by the average number of shots that two teams 
take in a game. There are 48 min in a game. What is the 
average number of shots that two teams take in a game? 
Source: National Basketball Association 


50. Area ofa Triangle. The height and the sides ofa 
triangle are represented by four consecutive integers. 
The height is the first integer and the base is the third 
integer. The perimeter of the triangle is 42 in. Find the 
area of the triangle. 


52. Test Scores. Ty’s scores on four tests are 83, 91, 78, 
and 81. How many points above the average must Ty 
score on the next test in order to raise his average 2 
points? 


54. Solve: “The sum of three consecutive integers is 55.” Find 
the integers. Why is it important to check the solution 
from the Solve step in the original problem? 


56. Geometry. Suppose the figure ABCD below is a square. 
Point A is folded onto the midpoint of AB and point Dis 
folded onto the midpoint of DC. The perimeter of the 
smaller figure formed is 25 in. Find the area of the 
square ABCD. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. 2x + 3 = 7and x = 2 are equivalent equations. [1.la] 


2. It is possible for an equation to be false. [1.1a] 


3. Every equation has at least one solution. [1.1d] 


in the equation to which the problem was translated. [1.3a] 


Guided Solutions 


4. When we solve an applied problem, we check the possible solution 


Fill in each box with the number or expression that creates a correct statement or solution. 


5solves 26 — 5) = — 4, alicl) 
Dg — y= I ag 
2 ae ee 


6x-5=(] Collecting like terms 
6x-5+[J=1+5 
6x = Collecting like terms 
6x 6 
aa 
x= Simplifying 


6. Solve fory: Mx + Ny = T. [1.2a] 
Mx + Ny =T 
Mx Ny — Mx = T 
[]= T- Mx 


ie Ms 
LI 


Mixed Review 


Determine whether the given number is a solution of the given equation. [1.1a] 


al —= 
ieee 5 12 8.55 3x 4=5 a 


Solve. [1.1b, c, d] 
ils se 7 = 110) 12, —7x = 56 


14,.1—-x=3x-7 15. 2 — 4y = —4y + 2 


10. 9; 6(x — 3) = 36 


135 8% — 9) = 23 


3 7 
ig 7] = 
Lay 2 
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LIS te) 8 (fa 
20. 4y — (y— 1) = 16 


Solve for the given letter. [1.2] 


23. P = mn, forn 


A 
26. T = 1.55, for B 


Solve. [1.3a, b] 


29. Falling DVD Sales. Sales of DVDs totaled $14.5 billion 
in 2008. This was a decrease of 9% from the 2007 sales 
total. What was the 2007 sales total? 

Source: Digital Entertainment Group 


31. Carpet Dimensions. The width ofan Oriental carpet is 
2 ft less than the length. The perimeter of the carpet is 
24 ft. Find the dimensions of the carpet. 


18. 4x —- 11 =11+ 4x 


21. ¢- 3(t- 4) =9 


24. z = 3t + 3w, fort 


2 
27. H= ae = 5) One 


Te ae oS: 


25. N= , fors 


28. f= g + ghm, forg 


30. Pizza Sales. Pizza Hut and Domino’s Pizza are the top 
pizza chains in the United States. In 2008, Pizza Hut’s 
sales totaled $10.2 billion. This was $4.8 billion more 
than the total sales for Domino's. What was the total for 
Domino's? 

Source: Directory of Chain Restaurant Operators 


32. Boating. Frederick's boat travels at a speed of 9 mph in 
still water. The Bailey River flows at a speed of 3 mph. 
How long will it take Frederick to travel 18 mi down- 
stream? 18 mi upstream? 


Understanding Through Discussion and Writing 


To the student and the instructor: The Discussion and Writing exercises are meant to be answered with one or more sentences. 
They can be discussed and answered collaboratively by the entire class or by small groups. 


33. Explain the difference between equivalent expressions 
and equivalent equations. [R.5a], [1.1a] 


35. The equations 


P 
P=2l1+2w and = 


are equivalent formulas involving the perimeter P, 
length /, and width w of a rectangle. Devise a problem 
for which the second of the two formulas would be more 
useful. [1.2a] 


37. How can a guess or an estimate help prepare you for the 
Translate step when solving problems?  [1.3a] 
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34. Devise an application in which it would be useful to 
solve the motion formula d = rtforr. [1.2a] 


36. Explain why we can use the addition principle to 
subtract the same number on both sides of an equation 
and why we can use the multiplication principle to 
divide by the same nonzero number on both sides of an 
equation. [1.1b, c] 


38. Why is it important to label clearly what a variable 
represents in an applied problem?  [1.3a] 
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(a) Inequalities 


We can extend our equation-solving skills to the solving of inequalities. (See 
Section R.1 for an introduction to inequalities.) 


INEQUALITY 


An inequality is a sentence containing <, >, =, =, or 4. 


Some examples of inequalities are 


—2<4, x > 4, x+3 <6, 6-— 7y=10y—4, and 5x #10. 


SOLUTION OF AN INEQUALITY 


Any replacement or value for the variable that makes an inequality true 


is called a solution of the inequality. The set of all solutions is called the 
solution set. When all the solutions of an inequality have been found, 
we say that we have solved the inequality. 


EXAMPLES Determine whether the given number is a solution of the 
inequality. 
1. 43: <= 675 
We substitute 5 for x and get 5 + 3 < 6, or8 < 6,a false sentence. There- 
fore, 5 is not a solution. 
2: 2% — 3.> =37 1 
We substitute 1 for x and get 2(1) — 3 > —3, or -1 > —3, a true sen- 
tence. Therefore, 1 is a solution. 
3.4% — 1= 3x + 23-3 
We substitute —3 for x and get 4(—3) — 1 = 3(—3) + 2,or-13 S$ —7,a 
true sentence. Therefore, —3 is a solution. ) 


| Do Margin Exercises 1-3. 


(b) Inequalities and Interval Notation 


The graph of an inequality is a drawing that represents its solutions. An 
inequality in one variable can be graphed on the number line. 


EXAMPLE 4 Graph x < 40n the number line. 


The solutions are all real numbers less than 4, so we shade all numbers 
less than 4 on the number line. To indicate that 4 is not a solution, we use a 
right parenthesis “)” at 4. 


=7 -6 -5 -4.-3.-2 -1 0 1 2 3 4 5 6 7 


SKILL TO REVIEW 
Objective R.ic: Graph inequalities 
on the number line. 


Graph each inequality. 
Lex =2 


Determine whether the given num- 
ber is a solution of the inequality. 
Ne, 3) = 36 < eG 


74 Shae 7 S118 7) 


By She te 2 Ss Ae = Bp 


Answers 
Skill to Review: 
de HHH 
-2 0 
Le er 
01 


Margin Exercises: 
1, Yes 2.No 3. Yes 
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LEARNING RESOURCES 


Are you aware of all the learning 
resources that exist for this text- 
book? See the Preface for a 
complete list of student 
supplements. To order any of our 
products, call (800) 824-7799 in the 
United States or (201) 767-5021 
outside the United States, or visit 
your campus bookstore. 


e The Student’s Solutions Man- 
ual contains fully worked-out 
solutions to the odd- 
numbered exercises in the 
exercise sets, as well as 
solutions to all exercises in 
mid-chapter reviews, end-of- 
chapter reviews, chapter tests, 
and cumulative reviews. 


Video Resources on DVD 
Featuring Chapter Test Prep 
Videos provide section-level 
lectures for every objective 
and step-by-step solutions to 
all the Chapter Test exercises 
in this textbook. The Chapter 
Test videos are also available 
on YouTube and in 
MyMathLab. 


InterAct Math Tutorial Web- 
site (www.interactmath.com) 
provides algorithmically gen- 
erated practice exercises that 
correlate directly to the exer- 
cises in the textbook. 


MathXL® Tutorials on CD 
provide practice exercises 
correlated at the objective 
level to textbook exercises. 
Every practice exercise is 
accompanied by an example 
and a guided solution, and 
selected exercises may also 
include a video clip to help 
illustrate a concept. 


We can write the solution set for x < 4 using set-builder notation (see 
Section R.1): {x|x < 4}. This is read “The set of all x such that x is less than 4.” 


Another way to write solutions of an inequality in one variable is to use 
interval notation. Interval notation uses parentheses ( ) and brackets [ ]. 

If a and bare real numbers such that a < b, we define the interval (a, b) 
as the set of all numbers between but not including a and b—that is, the set 
of all x for which a < x < b. Thus, 

(a,b) = {xla<x< B}. (4, b) 
a b 
The points a and bare the endpoints of the interval. The parentheses indicate 
that the endpoints are not included in the graph. 


The interval [a,b] is defined as the set of all numbers x for which 
a= x <= b. Thus, 
[a,b] = {x|a =x = Bh. la, Dl 
_ 


a b 


The brackets indicate that the endpoints are included in the graph.* 


Caution! 


Do not confuse the interval (a, b) with the ordered pair (a, b), which 
denotes a point in the plane, as we will see in Chapter 2. The context in 
which the notation appears usually makes the meaning clear. 


The following intervals include one endpoint and exclude the other: 


(a, b] = {x|a <x <b}. The graph excludes a and includes b. 


(a, b] 


[a,b) = {x|a <x <b}. The graph includes a and excludes b. 


la, b) 
———__— 


a b 


Some intervals extend without bound in one or both directions. We use 
the symbols oo, read “infinity,” and —oo, read “negative infinity,” to name 
these intervals. The notation (a, co) represents the set of all numbers greater 
than a—that is, 


(a,00) = {x|x> a}. (a, ©) 
a 


Similarly, the notation (— °°, a) represents the set of all numbers less than 
a—that is, 


(—o0,a) = {x|x < a}. (-~, a) 


*Some books use the representations -¢+——+— and —+—-+— instead of, respectively, 
——— and —++}-_. a” 2 a2 


a b a b 
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The notations [a, 00) and (—©, a] are used when we want to include the 
endpoint a. The interval (—°o, co) names the set of all real numbers. 


(—2, 0) = {x| xis a real number} 
=. 


Interval notation is summarized in the following table. 


INTERVALS: NOTATION AND GRAPHS 


INTERVAL SET 
NOTATION NOTATION GRAPH 


{xla <x < b} ——-+4>-—_ 
a b 

{x|a <x = b} —_}-—_______} 
a b 

{x|a =x < b} ——— 
a b 

{x|a<x <= b} Sh a Se 
a b 

{x|x > a} — {$$ << 

{xlx = a} —EES 

{x|x < b} —————}—. 
b 

{x|x = b} ———__ ————]}+—_ 
b 

{x|xisarealnumber} | <————————_—_—____ 


Caution! 


Whenever the symbol co is included in interval notation, a right parenthesis 
“)” is used. Similarly, when — co is included, a left parenthesis “(” is used. 


Write interval notation for the given 
set or graph. 


) EXAMPLES Write interval notation for the given set or graph. 
4. {x|-4 = x < 5} 


5. {x|-4 <x < 5} = (-4,5) 
. {x|x = —2} = [—2, 00) ys eles 2} 


6 
7. |? See tl aizgil=27< 71 =(07) 6. {x16 = x> 2} 
8 


3.4 5 6 A 


| | | 
T T T T 
i —A0n—30)—20r— 100 lO 2030) 40 


9. <+++++4-44 


a 
Ea ore ck 
-6-5-4-3-2-1 012 3 4 5 6 


(—0, —1) b 8. 


Do Exercises 4-8. -40 -30 -20-10 0 10 20 30 40 
(€) Solving Inequalities 


Two inequalities are equivalent if they have the same solution set. For exam- 
ple, the inequalities x > 4 and 4 < x are equivalent. Just as the addition 
principle for equations gives us equivalent equations, the addition principle 
for inequalities gives us equivalent inequalities. 


Answers 


4. [-4,5) 5. (—00,-2] 6. (2,6] 
7. [10,00) 8. [—30,30] 
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Solve and graph. 
9x+6>9 
| ltt a 


11. Solve and graph: 
pi = 3} 2 spe — Il 


Answers 
9. {x|x > 3}, or (3, 00); 


<4 HE 
0 3 


10. {x|x < 3}, or (—-, 3]; 


SL LLP SL Gece 
0 3 


11. {x|x < —2}, or (—00, —2]; 


< or 
—2 0 


THE ADDITION PRINCIPLE FOR INEQUALITIES 


For any real numbers a, b, and c: 


a<b isequivalentto a+c<b+t+c; 


a>b isequivalentto a+c>b+e. 


Similar statements hold for = and =. 


Since subtracting c is the same as adding —c, there is no need for a sepa- 
rate subtraction principle. 


EXAMPLE 10 Solveand graph: x + 5 > 1. 
We have 


x+5>1 


¥E5=—4>1]—5 Using the addition principle: 
adding —5 or subtracting 5 


x > —-4. 


We used the addition principle to show that the inequalities x + 5 > l and 
x > —4 are equivalent. The solution set is {x|x > —4} and consists of an infi- 
nite number of solutions. We cannot possibly check them all. Instead, we can 
perform a partial check by substituting one member of the solution set (here 
we use —1) into the original inequality: 


or il 
=1+57 1 
4 | TRUE 


Since 4 > 1 is true, we have a partial check. The solution set is {x| x > —A4}, 
or (—4, 00). The graph is as follows: 


-7 -6 -5 -4 -3 -2 -1 0 12 3 4 5 6 7 ) 


Do Exercises 9 and 10. 


| EXAMPLE 11 Solveand graph: 4x — 1 = 5x — 2. 


We have 
4x-125x-2 
Ag | 2S bx — 2 2 Adding 2 
4x + 1= 5x Simplifying 
Ay lay = bx Ay Subtracting 4x 
1=x. Simplifying 


The inequalities 1 = x and x = 1 have the same meaning and the same solu- 
tions. The solution set is {x| 1 = x} or, more commonly, {x|x < 1}. Using in- 
terval notation, we write that the solution set is (—co, 1]. The graph is as follows: 


(—%, 1] 


| | | 
I I sl 
-7 -6 -5. -4.-3.-2-1 0 1 2 3 4 56 6 7 ) 


Do Exercise 11. 
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The multiplication principle for inequalities differs from the multiplica- 
tion principle for equations. Consider the true inequality 


-4<9, 
If we multiply both numbers by 2, we get another true inequality: 
—4(2) < 9(2), or -8< 18. True 
If we multiply both numbers by —3, we get a false inequality: 
—4(-3) < 9(-3), or 12 < —27. False 
However, if we now reverse the inequality symbol above, we get a true 
inequality: 


12 > =27. True 


THE MULTIPLICATION PRINCIPLE 
FOR INEQUALITIES 


For any real numbers a and b, and any positive number c: 


a<b isequivalentto ac < bc; 
a>b_ isequivalentto ac > be. 


For any real numbers a and b, and any negative number c: 


a<b isequivalentto ac > bc; 
a> b_ isequivalentto ac < be. 


Similar statements hold for = and =. 


Since division by c is the same as multiplication by 1/c, there is no need 
for a separate division principle. 


VIDEO RESOURCES ON DVD 


acs Nie eee . as FEATURING CHAPTER TEST 
The multiplication principle tells us that when we multiply or divide on PREP VIDEOS 


both sides of an inequality by a negative number, we must reverse the 


inequality symbol to obtain an equivalent inequality. Developed and produced especially 


for this text, and now available on 
DVD-ROM with Chapter Test Prep 


| EXAMPLE 12 Solve and graph: 3y < 3. Videos that walk you through step- 
by-step solutions to all the Chapter 


We have Test exercises, these videos feature 
3 an engaging team of instructors 
ays 4 who present material and concepts 
1 ca lying by 4. Since 4 > 0, the symbol stays ee ee 
37 3y < aa pe . VY 3 3 : las ¥ every section of the text. The com- 
' plete digitized video set, both 
y< i Simplifying affordable and portable, makes it 
4 easy and convenient for you to 


watch video segments at home or 


Any number less than ; is a solution. The solution set is { yly< i, or (- 00, i). 
on campus. (ISBN: 978-0-321- 


The graph is as follows: ; 
64063-5, available for purchase at 
i 1 www.MyPearsonStore.com) 
(=) 3 
—<—<—$ $+ <<< 
-2 -1 0 1 2 ) 
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Solve and graph. 


3 
12, By) ss 
Sy 9 


13. —2y > 10 


ees Le neal fi 
a ee eae oe | 
=—§t=3—2=l 0 1 2 F 4 & 


i 
14. = 45= —4 
3 


\ \ 
1 1 i 1 T 1 T 1 
A030) 20.105 10) 10520030) 40 


Answers 
3 3 
12. {ylys AI or (—00, 3] 
3 
10 
HH $4 
0 
13. {yly < —5}, or (—00, -5) 
+ =t—t 
—5 0 
14. {x|x = 12}, or[12, 00) 
4 HHH HH 
0 4 12 


| EXAMPLE 13 Solve and graph: —5x = —80. 


We have 
—5x = —80 
—5x Y —80 | Dividing by —5. Since —5 < 0, the 
5 C5 inequality symbol must be reversed. 
x= 16 


The solution set is {x|x < 16}, or (—°0, 16]. The graph is as follows: 


(—0, 16] 


6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ) 


Do Exercises 12-14. 


We use the addition and multiplication principles together in solving 
inequalities in much the same way as in solving equations. 


| EXAMPLE 14 Solve: 16 — 7y = 10y — 4. 


We have 
16 — 7y= lody-4 
16+ 16 —7y=-16+ 1l0y—4 Adding —16 
—7y 2 10y — 20 Collecting like terms 
10y + (—7y) = —10y + 10y — 20 Adding —10y 
—17y = -20 Collecting like terms 
—lvy Y =20 |_ Dividing by —17. The symbol 
=[7 =]|7 must be reversed. 
20 
— 40 a ese 
y= 17° Simplifying 
The solution set is {y| = 20} or (—09, 20). ) 


In some cases, we can avoid multiplying or dividing by a negative num- 
ber by using the addition principle in a different way. Let’s rework Example 14 
by adding 7y instead of —10y: 
16 — 7y = loy- 4 


16 —- 7y + 7y= 10y-—4+ 7y Adding 7y. This makes the coefficient 
of the y-term positive. 


16 = 17y—-4 Collecting like terms 
16+ 4217y-4+4 Adding 4 
20 = 17y Collecting like terms 
20 ¥ ly | __ Dividing by 17. The symbol 
ie 07 stays the same. 
20 
—= 
17 


Note that 9? = yis equivalent to y = °°. 
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| EXAMPLE 15 Solve: —3(x + 8) — 5x > 4x — 9. 


We have 


—3(x + 8) —- 5x > 4x -9 


—3x — 24 —- 5x > 4x -9 
—24 — 8x > 4x - 9 
—24 — 8x + 8x > 4x —9 + 8x 

—24 > 12x -9 


Adding 8x 


Using the distributive law 
Collecting like terms 


Collecting like terms 


=24-4'9 > 12x -— 9 #9 Adding 9 
—15 > 12x 
i Dividing by 12. The symbol stays 
| the same. 
—15 12x 
—— = a? 
12 12 
—-—> x. 
The solution set is {x|-3 > a, or tela a —3}, or (—00, —§), p 


| Do Exercises 15-17. 


(d) Applications and Problem Solving 


Many problem-solving and applied situations translate to inequalities. In ad- 
dition to “is less than” and “is more than,” other phrases are commonly used. 


IMPORTANT WORDS 


is at least 
is at most 


cannot exceed 


must exceed 
is between 


no more than 


no less than 


SAMPLE SENTENCE 


Max is at least 5 years old. 


At most 6 people could fit in the 
elevator. 


Total weight in the elevator 
cannot exceed 2000 pounds. 


The speed must exceed 15 mph. 
Heather's income is between 
$23,000 and $35,000. 

Bing weighs no more than 

90 pounds. 

Saul would accept no less than 
$4000 for the piano. 


TRANSLATION 


ip = ® 
n=6 


w = 2000 
S= 1h 


23,000 < h < 35,000 


The following phrases deserve special attention. 


TRANSLATING “AT LEAST” AND “AT MOST” 


A quantity x is at least some amount q: x = q. 


(If x is at least g, it cannot be less than q.) 


A quantity x is at most some amount g: x = q. 


(If x is at most q, it cannot be more than q.) 


| Do Exercises 18-24. 
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Solve. 
ilk}, = By 22 7 


IG; See ak See < a) 


17.17 -— 5(y- 2) s 
ASW ar BQ = 8) = Sy 


Translate. 


18. Russell will pay at most $250 for 
that plane ticket. 


19. Emma scored at least an 88 on 
her Spanish test. 


20. The time of the test was between 
50 and 60 min. 


21. The University of Northern 
Kentucky is more than 25 mi 
away. 

22. Sarah's weight is less than 110 lb. 

23. That number is greater than —8. 

24. The costs of production of that 


DVD player cannot exceed 
$135,000. 


Answers 


15, {yy = ~Zb,or(-00, -] 
1 


18.¢= 250 19.s=88 20. 50<t< 60 
21.d>25 22,.w<110 23.n>-8 
24. c = 135,000 
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( STUD 


RELYING ON THE 
ANSWER SECTION 


Don't begin solving a homework 
problem by working backward 
from the answer in the answer 
section at the back of the text. If 
you are having trouble getting the 
correct answer to an exercise, you 
might need to reread the section 
preceding the exercise set, paying 
particular attention to the exam- 
ple that corresponds to the type 
of exercise you are doing, and/or 
work more slowly and carefully. 
Keep in mind that when you take 
quizzes and tests you have no 
answer section to rely on. 


25. Cost of Higher Education. 
Refer to Example 16. Determine, 
in terms of an inequality, the 
years for which the average cost 
of tuition and fees is more than 
$2500. 


Answer 
25. More than 9.58 yr after 2000, or {t|t > 9.58} 


| EXAMPLE 16 Cost of Higher Education. The equation 
C = 126t + 1293 


can be used to estimate the average cost of tuition and fees at two-year public 
institutions of higher education, where ¢ is the number of years after 2000. 
Determine, in terms of an inequality, the years for which the cost will be more 
than $3000. 


Source: National Center for Education Statistics 


1. Familiarize. We already have a formula. To become more familiar with 
it, we might make a substitution for t. Suppose we want to know the cost 
15 yr after 2000, or in 2015. We substitute 15 for f: 


C = 126(15) + 1293 = $3183. 


We see that in 2015, the cost of tuition and fees at two-year public insti- 
tutions will be more than $3000. To find all the years in which the cost 
exceeds $3000, we could make other guesses less than 15, but it is more 
efficient to proceed to the next step. 


2. Translate. The cost Cis to be more than $3000. Thus we have 
C > 3000. 


We replace C with 126t + 1293 to find the values of ¢ that are solutions of 
the inequality: 
126f¢ + 1293 > 3000. 
3. Solve. We solve the inequality: 


126t + 1293 > 3000 
126t > 1707 Subtracting 1293 
¢ > .13.55; Dividing by 126 and rounding 
4. Check. A partial check is to substitute a value for ¢ greater than 13.55. 


We did that in the Familiarize step and found that the cost was more than 
$3000. 


5. State. The average cost of tuition and fees at two-year public institutions 
of higher education will be more than $3000 for years more than 13.55 yr 
after 2000, so we have {t|t > 13.55}. ) 


Do Exercise 25. | 
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' EXAMPLE 17 Salary Plans. On her new job, Rose can be paid in one 
of two ways: Plan A is a salary of $600 per month, plus a commission of 4% of 
sales; and Plan B is a salary of $800 per month, plus a commission of 6% of 
sales in excess of $10,000. For what amount of monthly sales is plan A better 
than plan B, if we assume that sales are always more than $10,000? 


1. Familiarize. Listing the given information in a table will be helpful. 


PLAN A: PLAN B: 

MONTHLY INCOME MONTHLY INCOME 
$600 salary $800 salary 
4% of sales 6% of sales over $10,000 


Total: $600 + 4% of sales Total: $800 + 6% of sales over $10,000 


Next, suppose that Rose had sales of $12,000 in one month. Which plan 
would be better? Under plan A, she would earn $600 plus 4% of $12,000, or 


600 + 0.04(12,000) = $1080. 


Since with plan B commissions are paid only on sales in excess of 
$10,000, Rose would earn $800 plus 6% of ($12,000 — $10,000), or 


800 + 0.06(12,000 — 10,000) = 800 + 0.06(2000) = $920. 


This shows that for monthly sales of $12,000, plan A is better. Similar cal- 
culations will show that for sales of $30,000 a month, plan B is better. To 
determine all values for which plan A pays more money, we must solve 
an inequality that is based on the calculations above. 


2. Translate. We let S = the amount of monthly sales. If we examine the 
calculations in the Familiarize step, we see that the monthly income 
from plan A is 600 + 0.045 and from plan B is 800 + 0.06(S — 10,000). 
Thus we want to find all values of S for which 


Income from __ is greater Income from 
planA than plan B 
600 + 0.04S > 800 + 0.06(S — 10,000). 


3. Solve. We solve the inequality: 


600 + 0.04S > 800 + 0.06(S — 10,000) 
600 + 0.04S > 800 + 0.06S — 600 Using the distributive law 


600 + 0.04S > 200 + 0.06S Collecting like terms 
400 > 0.02S Subtracting 200 and 0.04S 
20,000 > S,orS < 20,000. Dividing by 0.02 


4. Check. For S = 20,000, the income from plan A is 


26. Salary Plans. A painter can be 


600 + 4% - 20,000, or $1400. This confirms that for paid in one of two ways: 

The income from plan B is sales of $20,000, Rose's Plan A: $500 plus $4 per hour; 
pay is the same under Plan B: Straight $9 per hour. 
800 + 6% - (20,000 — 10,000), or $1400. either plan. ; 
Suppose that the job takes 
In the Familiarize step, we saw that for sales of $12,000, plan A pays more. n hours. For what values of 7 is 
Since 12,000 < 20,000, this is a partial check. Since we cannot check all plan A better for the painter? 
possible values of S, we will stop here. 
5. State. For monthly sales of less than $20,000, plan A is better. ) 
Answer 


Do Exercise 26. 26. For {n|n < 100}, plan A is better. 
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Translating 
for Success 


1. Consecutive Integers. Thesum 6. Numerical Relationship. 


of two consecutive even integers 
is 102. Find the integers. 


. Salary Increase. After Susanna 
earned a 5% raise, her new salary 
was $25,750. What was her 
former salary? 


. Dimensions of a Rectangle. The 
length of a rectangle is 6 in. more 
than the width. The perimeter of 
the rectangle is 102 in. Find the 
length and the width. 


. Population. The population of 
Doddville is decreasing at a rate 
of 5% per year. The current 
population is 25,750. What was 
the population the previous 
year? 


. Reading Assignment. Quinn has 
6 days to complete a 150-page 
reading assignment. How many 
pages must he read the first day 
so that he has no more than 

102 pages left to read on the 

5 remaining days? 


The goal of these matching questions 
is to practice step (2), Translate, of the 
five-step problem-solving process. 
Translate each word problem to an 
equation or an inequality and select a 
correct translation from A-O. 


A. 


B. 


0.05(25,750) = x 


x + 2x = 102 


. 2x + 2(x + 6) = 102 
. 150 — x = 102 


. x — 0.05x = 25,750 


x+ (x +2) = 102 


. x + (x + 6) > 102 


. x + 5x = 150 


x + 0.05x = 25,750 


x + (2x + 6) = 102 


.x+(x +1) = 102 


102 + x > 150 


- 0.05x = 25,750 
- 102 + 5x > 150 


. x + (x +6) = 102 


Answer on page A-3 


One number is 6 more than 
twice another. The sum of the 
numbers is 102. Find the 
numbers. 


. DVD Collections. Together Ella 


and Ken have 102 DVDs. If Ken 
has 6 more DVDs than Ella, how 
many does each have? 


. Sales Commissions. Will earns 


a commission of 5% on his 
sales. One year he earned 
commissions totaling $25,750. 
What were his total sales for the 
year? 


. Fencing. Jess has 102 ft of 


fencing that he plans to use to 
enclose two dog runs. The 
perimeter of one run is to be 
twice the perimeter of the other. 
Into what lengths should the 
fencing be cut? 


. Quiz Scores. Lupe has a total of 


102 points on the first 6 quizzes 
in her sociology class. How many 
total points must she earn on the 
5 remaining quizzes in order to 
have more than 150 points for 
the semester? 


For Extra Help — >» 
MyMathLab | 20" : ee 


PRACTICE WATCH DOWNLOAD READ REVIEW 


Exercise Set 


(a) Determine whether the given numbers are solutions of the inequality. 


l.x—226; —4,0,4,8 2.3x+5s85 


10; —5, —10, 0, 27 


3. f-— 8 > 2t— 3; 0,-8,-9,-3,-¢ 4. 5y 


7<8-—y; 2,-3,0,3,3 


(b) Write interval notation for the given set or graph. 


5. {x|x <5} 6. {t/t = —5} 7. {x|-3 <x < 3} 
8. {t|-10 < t= 10} 9. {x|-4 > x > -8} 10. {x|13 > x = 5} 
11. 


12. 
-6-5-4-3-2-1 012 3 4 5 6 -40 -30 -20 -10 0 10 20 30 40 


(c) Solve and graph. 


15.x+2>1 16.x+8>4 7Wy+3<9 


18 y+4< 10 19.a-—9 = -31 20.a+6= -14 
Paghoaiee eb tek Wh ae ah bk a he <+f —}—_}—_}—_+—_ ++ 
-6-5-4-3-2-1 012 3 45 6 -40 -30 -20 -10 0 10 20 30 40 —~40 -30 -20 -10 0 10 20 30 40 

21.¢+ 1329 22.x-8=17 23.y-—8>-14 
t—+—+—+--+++++-++++++ 4 ae Saat eae See Sa ean ST Es adn nS ae 
-6-5-4-3-2-1 012 3 4 5 6 -40 -30 -20 -10 0 10 20 30 40 -6-5-4-3-2-1 012 3 4 5 6 
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24.y-9>-18 


Soar AS GUase LS EL NEREGAEEEERSGREREERDGREE 
=12) -=8 -4 0 4 8 12 -12 -8 -4 0 4 8 12 
27. 8x = 24 28. 81 < —56 

Pt tt ttt tt HERE EEE EE EEE EEE HEH EH 
-6-5-4-3-2-1 0123 45 6 =12. =8 -4 0 4 8 12 
30. 0.6x < 30 31. 2x > 2 

SLUG LASSE OULU LU < > 


| 
T a ae a a 
—80 -60 -40 -20 0 20 40 60 80 


Solve. 


33. —9x = —-8.1 34. —5y = 3.5 


37. 2x +7 < 19 38. 5y + 13 > 28 


41. 2y-7<5y-9 42. 8x —-9 < 3x - 11 


1 5 


44, 0.2y + 1 > 2.4y — 10 45.5x-4 = 54 4x 
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39. Sy + 2y = —-21 


26. y- 18 =< —4 


I 
—40 -30 -20 -10 0 


T I 
10 20 


T I 
30 40 


29. 0.3x < —18 
PS et 
-80 -60 -40 -20 0 20 40 60 80 


40. —9x + 3x = —24 


43. 0.4x+5< 12x -4 


46. 2x — 3 < Bx 4 


10 


1.25x 
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47. 


49. 


Sl. 


53. 


55. 


57. 


59. 


61. 


63. 


65. 


67. 


4(4y — 3) = 9(2y + 7) 


3(2 — 5x) + 2x < 2(4 + 2x) 


3(r- 6) +2 > 4(r+ 2)—- 21 


19 — (2x + 3) S$ 2(x+ 3) +x 


4 = 2(3 = x)] — 1 = 4[2(4e — 3) +7] — 25 


4(7x — 6) < 40 


0.7(3x + 6) = 1.1 — (x + 2) 


48. 


50. 


52. 


54. 


56. 


58. 


60. 


62. 


64. 


66. 


68. 


2m + 5 = 16(m — 4) 


2(0.5 — 3y) + y > (4y — 0.2)8 


[8x — 3(3x + 2)] —5 = 3(x + 4) — 2x 


5(t+ 3) +9<3(t-2)+6 


13 — (2c + 2) = 2(c + 2) + 3c 


(4x — 3) > 30 


4(5 — 4x) — 17 = 38 


0.9(2x + 8) < 20 — (x + 5) 
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69.a+ (a— 3) S$ (a+ 2)—-(a+1) 


(d) Solve. 


Body Mass Index. Body mass index Ican be used to 
determine whether an individual has a healthy weight for 
his or her height. An index in the range 18.5-24.9 indicates 
a normal weight. Body mass index is given by the formula, 
or model, 


703W 
= 7p 
where Wis weight, in pounds, and His height, in inches. 
(See Example 1 in Section 1.2.) Use this formula for 
Exercises 71 and 72. 
Source: Centers for Disease Control and Prevention 


I 


, 


71. Body Mass Index. Marv’s height is 73 in. Determine, 
in terms of an inequality, those weights W that will 
keep his body mass index below 25. 


73. Grades. Morris is taking a European history course in 
which there will be 4 tests, each worth 100 points. He 
has scores of 89, 92, and 95 on the first three tests. He 
must make a total of at least 360 in order to get an A. 
What scores on the last test will give Morris an A? 


75. Insurance Claims. After a serious automobile 
accident, most insurance companies will replace the 
damaged car with a new one if repair costs exceed 80% 
of the N.A.D.A., or “blue-book,” value of the car. 
Miguel’s car recently sustained $9200 worth of damage 
but was not replaced. What was the blue-book value of 
his car? 
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70. 0.8 — 4(b — 1) > 0.2 + 3(4 — b) 


Ww 


72. Body Mass Index. Elaine’s height is 67 in. Determine, 
in terms of an inequality, those weights W that will 
keep her body mass index below 25. 


74, Grades. Eve is taking a literature course in which there 
will be 5 tests, each worth 100 points. She has scores of 
94, 90, and 89 on the first three tests. She must make a 
total of at least 450 in order to get an A. What scores on 
the fourth test will keep Eve eligible for an A? 


76. Delivery Service. Jay’s Express prices cross-town 
deliveries at $15 for the first 10 miles plus $1.25 for 
each additional mile. PDQ, Inc., prices its cross-town 
deliveries at $25 for the first 10 miles plus $0.75 for 
each additional mile. For what number of miles is PDQ 
less expensive? 
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77. 


79. 


81. 


83. 


Salary Plans. Toni can be paid in one of two ways: 

Plan A: A salary of $400 per month plus a 
commission of 8% of gross sales; 

Plan B: Asalary of $610 per month, plus a 


commission of 5% of gross sales. 


For what amount of gross sales should Toni select 
plan A? 


Checking-Account Rates. The Hudson Bank offers 
two checking-account plans. Their Anywhere plan 
charges 20¢ per check whereas their Acu-checking plan 
costs $2 per month plus 12¢ per check. For what num- 
bers of checks per month will the Acu-checking plan 
cost less? 


Wedding Costs. The Arnold Inn offers two plans for 
wedding parties. Under plan A, the inn charges $30 for 
each person in attendance. Under plan B, the inn 
charges $1300 plus $20 for each person in excess of the 
first 25 who attend. For what size parties will plan B cost 
less? (Assume that more than 25 guests will attend.) 


Converting Dress Sizes. The formula 


I= 2(s + 10) 
can be used to convert dress sizes s in the United States 


to dress sizes Jin Italy. For what dress sizes in the 
United States will dress sizes in Italy be larger than 36? 


78. 


80. 


82. 


84. 


Salary Plans. Branford can be paid for his masonry 
work in one of two ways: 


Plan A: $300 plus $9.00 per hour; 
Plan B: Straight $12.50 per hour. 


Suppose that the job takes n hours. For what values of 
nis plan B better for Branford? 


Insurance Benefits. Bayside Insurance offers two 
plans. Under plan A, Giselle would pay the first $50 of 
her medical bills and 20% of all bills after that. Under 
plan B, Giselle would pay the first $250 of bills, but only 
10% of the rest. For what amount of medical bills will 
plan B save Giselle money? (Assume that her bills will 
exceed $250.) 


Investing. Lillian is about to invest $20,000, part at 3% 
and the rest at 4%. What is the most that she can invest 
at 3% and still be guaranteed at least $650 in interest 
per year? 


Temperatures of Solids. The formula 

C = 3(F - 32) 
can be used to convert Fahrenheit temperatures F to 
Celsius temperatures C. 


a) Gold is a solid at Celsius temperatures less than 
1063°C. Find the Fahrenheit temperatures for which 
gold is a solid. 

b) Silver is a solid at Celsius temperatures less than 
960.8°C. Find the Fahrenheit temperatures for 
which silver is a solid. 
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85. Bottled Water Consumption. Bottled water consump- 


tion has increased steadily in recent years. The number 
N of gallons, in millions, consumed in the United States 
tyears after 2006 is approximated by the equation 

N = 0.6t + 8.2. 


Source: Beverage Marketing Corporation 


a) How many gallons of bottled water were consumed in 
the United States in 2006 (¢ = 0)? in 2008 (t = 2)? in 


86. Dewpoint Spread. Pilots use the dewpoint spread, or 


the difference between the current temperature and 
the dewpoint (the temperature at which dew occurs), 
to estimate the height of the cloud cover. Each 3° of 
dewpoint spread corresponds to an increased height of 
cloud cover of 1000 ft. A plane, flying with limited 
instruments, must have a cloud cover higher than 

3500 ft. What dewpoint spreads will allow the plane 

to fly? 


2010 (t = 4)? 
b) For what years will the amount of bottled water con- 
sumed in the United States exceed 12 million gal? 


Decrease of 3° 
per 1000 ft 


Skill Maintenance 


Simplify. [R.6b] 


87. 3a — 6(2a — 5b) 88. 2(x — y) + 10(3x — 7y) 89. 4(a — 2b) — 6(2a — 5b) 


Factor. [R.5d] 


91. 30x — 70y — 40 92. —12a + 30ab 93. —8x + 24y — 4 


Add or subtract. [R.2a, c] 


95. —2.3 — 8.9 96. —2.3 + 8.9 97. —2.3 + (—8.9) 


Synthesis 


90. —3(2a — 3b) + 8b 


94. 10n — 45mn + 100m 


98. —2.3 — (-8.9) 


99. Supply and Demand. The supply S and demand D for a certain product are given by 
S = 460 + 94p and D = 2000 — 60p. 
a) Find those values of p for which supply exceeds demand. 
b) Find those values of p for which supply is less than demand. 
Determine whether each statement is true or false. If false, give a counterexample. 
100. For any real numbers x and y, if x < y, thenx? < y?. 
thena+c<b+d. 
102. Determine whether the inequalities 
x<3 and 0:-x<0:3 
are equivalent. Give reasons to support your answer. 


Solve. 


103.x+5=55+%x 104.x+8<3+%x 


128 CHAPTER 1 __ Solving Linear Equations and Inequalities 


101. For any real numbers a, b,c, and d, ifa < bandc < d, 


105.x7+1>0 
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1 = Intersections, Unions, and 
@ Compound Inequalities 


Cholesterol is a substance that is found in every cell of the human body. High 

levels of cholesterol can cause fatty deposits in the blood vessels that increase 

the risk of heart attack or stroke. A blood test can be used to measure total 

cholesterol. The following table shows the health risks associated with various @ Find the intersection of two 

cholesterol levels. sets. Solve and graph 
conjunctions of inequalities. 


TOTAL b> Find the union of two sets. 
CHOLESTEROL Solve and graph disjunctions 
of inequalities. 


Hees nan AU “cum C_ Solve applied problems 


involving conjunctions and 


From 200 to 239 Borderline high 
240 or higher High disjunctions of inequalities. 


A total-cholesterol level T from 200 to 239 is considered border- 
line high. We can express this by the sentence 


200 = T and T= 239 
or more simply by 
200 = T S 239. 


This is an example of a compound inequality. Compound inequali- 
ties consist of two or more inequalities joined by the word and or 
the word or. We now “solve” such sentences—that is, we find the set 
of all solutions. 


a) Intersections of Sets and 
Conjunctions of Inequalities 


INTERSECTION 


The intersection of two sets A and Bis the set of all members 
that are common to A and B. We denote the intersection of sets 
Aand Bas 


ANB. 


The intersection of two sets is 


often illustrated as shown at right. C 
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1. Find the intersection: 
{0,3, 5,7} {0, 1,3, 11}. 


2. Shade the intersection of sets A 


and B. 


Answers 
1. {0,3} 


2. 
— 
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' EXAMPLE 1 Find the intersection: {1,2,3,4,5}M {—2, —-1,0, 1, 2, 3}. 


The numbers 1, 2, and 3 are common to 
the two sets, so the intersection is {1, 2,3}. 


Do Exercises 1 and 2. 


When two or more sentences are joined by the word and to make a 
compound sentence, the new sentence is called a conjunction of the 
sentences. 


The following is a conjunction of inequalities: 
—2<x and x<1. 


A number is a solution of a conjunction if it is a solution of both inequalities. 
For example, 0 is a solution of —2 < x and x < 1 because —2 < 0 and0 < 1. 
Shown below is the graph of —2 < x, followed by the graph of x < 1, and then 
by the graph of the conjunction —2 < x and x < 1. As the graphs demon- 
strate, the solution set of a conjunction is the intersection of the solution sets of 
the individual inequalities. 


{x| -2<x} aD. ae ec eee 
=f -6 —b -4.=3:=2.-1 0 1 2 3 4 S& 6 7 

{x| x <1} SH (-~, 1) 
=f —6 —b -4 -3:-2 -1 0 1 2 3 4 5 6&6 7 

{x| —2 <x} {x|x< 1} [/_——+——}+— ++} (—2, 1) 

= {x| -2<xandx< 1} -7-6-5 -4-3-2-1 0 12 3 4 5 6 7 


Because there are numbers that are both greater than —2 and less than 1, 
the conjunction —2 < x and x < 1 can be abbreviated by —2 < x < 1.Thus 
the interval (—2, 1) can be represented as {x|—2 < x < 1}, the set of all num- 
bers that are simultaneously greater than —2 and less than 1. Note that, in 
general, fora < b, 

a<x and x<b canbeabbreviated a<x<b; 
and b>x and x>a_ canbeabbreviated b>x>a. 


Caution! 


“a > xandx < b” cannot be abbreviated as “a > x < b’”. 


Solving Linear Equations and Inequalities 


“AND"; “INTERSECTION” 


The word “and” corresponds to “intersection” and to the symbol “M”. 
In order for a number to be a solution of a conjunction, it must make 3. Graph and write interval 
each part of the conjunction true. Boer 

-l1<xandx <4. 


| | f | | 
Do Exercise 3. 5 2 eee ae 


| EXAMPLE 2 Solveand graph: —1 < 2x + 5 < 13. 


This inequality is an abbreviation for the conjunction 


—-1<52x+5 and 2x+5< 13. 


The word and corresponds to set intersection, ™. To solve the conjunction, we 
solve each of the two inequalities separately and then find the intersection of 
the solution sets: 


-1s2x+5 and 2x+5< 13 

—6 = 2x and 2x <8 Subtracting 5 

=3 = x and x<A4, Dividing by 2 
We now abbreviate the result: 

-35x<4, 


The solution set is {x|-3 <= x < 4}, or, in interval notation, [—3, 4). The 
graph is the intersection of the two separate solution sets. 


{x| —3 <x} <4 tes _ 3, &) 
-7-6-5-4-3-2-1 0123 45 67 

{x] x < 4} SS (—%, 4) 
-7-6-5-4-3-2-1 0123 45 67 

{x| -3 <x} /N {x| x< 4} [-3, 4) 

= {x| -3<x<4} -7-6 -5 -4-3-2-1 012 3 4 5 67 


The steps above are generally combined as follows: 


—-1s2x+5<13 2x + 5 appears in both inequalities. 


—6. = 2% <8 Subtracting 5 
=3 = <4, Dividing by 2 
Such an approach saves some writing and will prove useful in Section 1.6. 4. Solve and graph: 
) -22 < 3x-—7 = 23. 
F SSP eae ee 
|__Do Exercise 4. a2 = = °° 9 4 § iB 
' EXAMPLE 3 Solveand graph: 2x — 5 = —3 and5x + 2 = 17. 
We first solve each inequality separately: 
2x-52-3 and 5x+2217 
2x=2 and 5x = 15 
x=1 = and x= 3. Answers 
3. <—++ + OH: (-1,4) 
-10 ‘A 
4. {x|-5 < x = 10}, or(—5, 10]; 
—5 10 
< H  H 
0 4 
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5. Solve and graph: 


Siete << NN apd Be = 7 < =13, 


Next, we find the intersection of the two separate solution sets: 


{x| x= 1} 


{x| x = 3} 


{x| x21} {x| x= 3} 


= {x| x > 3} 


P-L) 
123 4 5 67 


ft (3, 20) 
3 4 5 6 7 


-7 -6 -5 -4 -3 -2 -1 0 
-7 -6 -5 -4-3-2-1 0 1 2 
-7 -6 -5 -4-3-2-1 0 1 2 


S———+— > [3, ) 
3 4 5 6 F 


The numbers common to both sets are those that are greater than or equal 
to 3. Thus the solution set is {x|x = 3}, or, in interval notation, [3, 00). You 
should check that any number in [3, ©) satisfies the conjunction whereas 


\ iL 
T | 
=—§=@o§ =—2 = W I A 8 A 


6. Solve and graph: 


Se = Ff Ss 18 ang! dhe ES > & 


numbers outside [3, ©) do not. 


Do Exercise 5. 


EMPTY SET; DISJOINT SETS 


) 


Sometimes two sets have no elements in common. In such a case, we 
say that the intersection of the two sets is the empty set, denoted { } 
or ©. Two sets with an empty intersection are said to be disjoint. 


ANB= © 


| EXAMPLE 4 Solve and graph: 2x — 3 > land3x — 1 < 2. 
We solve each inequality separately: 


2x-3>1 and 3x-1<2 


2x >4 and 
x>2 and 


3x < 3 
x<il. 


The solution set is the intersection of the solution sets of the individual 


inequalities. 


{x| x > 2} 


{x| x< 1} 


{x| x > 2} N {x|x< 1} 
= {x|x>2andx< 1} 


=6 


empty set, ©. 


Answers 

5. {x|x < —3}; 

ee ee 
-3 
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I 
45 6 


Do Exercise 6. 


Solving Linear Equations and Inequalities 


t—+—t— + +t t ——— st s2_,&) 
-7 -6 -5 -4 -3 -2 -1 0 23 4 5 67 

> (-%D) 
-7 -6 -5 -4 -3 -2 -1 0 23 4 5 67 
t—t—t—t— + +t t > © 
-7 -6 -5 -4 -3 -2 -1 0 23 4 5 67 


Since no number is both greater than 2 and less than 1, the solution set is the 


) 


| EXAMPLE 5 Solve: 3 <5 — 2x < 7. 
We have 
3=5-2x<7 
3535 = 245. 7 = 5 Subtracting 5 


2s —2x <2 Simplifying 
: : 
72 YN =2x  Y 2 |_ Dividing by —2. The symbols must 
=2 =2 =2 be reversed. 
l=x>-l. Simplifying 


The solution set is {x|1 = x > —1}, or {x|—1 < x < 1}, since the inequalities 
1 =x > -land-1 < x = 1 are equivalent. The solution, in interval notation, 
is(—1, 1]. 


Do Exercise 7. To SOMES =H sf} = Des 4, 


(b) Unions of Sets and 
Disjunctions of Inequalities 


| The union of two sets A and Bis the collection of elements belonging to 


| Aand/or B. We denote the union of A and B by 
AUB. 


The union of two sets is often pictured as shown below. 


rc 
XM 


AUB 


| EXAMPLE 6 Findthe union: {2,3,4}U {3,5,7}. 


The numbers in either or both sets are 2, 3, 4, 5, and 7, so the union is 8. Find the union: 
{2,3, 4, 5,7}. We don’t list the number 3 twice. {0, 1,3, 4} U {0, 1,7, 9}. 


Ee? 9. Shade the union of sets A and B. 


| Do Exercises 8 and 9. 


DISJUNCTION 
Answers 
| When two or more sentences are joined by the word or to make a 7. {x|2 <x <6},or[2,6] 8 {0,1,3,4,7,9} 


compound sentence, the new sentence is called a disjunction of the 


sentences, — 
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The following is an example of a disjunction: 
x<-3 or x>3. 


A number is a solution of a disjunction if it is a solution of at least one of the 
individual inequalities. For example, —7 is a solution of x < —3 or x > 3 be- 
cause —7 < —3. Similarly, 5 is also a solution because 5 > 3. 

Shown below is the graph of x < —3, followed by the graph of x > 3, and 
then by the graph of the disjunction x < —3 or x > 3. As the graphs demon- 
strate, the solution set of a disjunction is the union of the solution sets of the 
individual sentences. 


{x| x< —3} +++ 


{x| x> 3} <+++4+ 44 +—+—++> _ (3, ~) 


-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 


{x| x< —3}U {x|x>3} <+++—+--+-—4 f—+—++—++—-++—>_ (—™, —3) 


= {x|x<—3 orx> 3} -7-6-5-4-3-2-1 0123 45 67 U (3, %) 


The solution set of 
KS =3 Or x>3 


is written {x|x < —3 or x > 3}, or, in interval notation, (—co, —3) U (3, ~). 
This cannot be written in a more condensed form. 


“OR”: “UNION” 


The word “or” corresponds to “union” and the symbol “U”. In order for 
10. Graph and write interval a number to be in the solution set of a disjunction, it must be in at least 
notation: one of the solution sets of the individual sentences. 
eS 2 Onn: 


i i 1 i i 1 
aie ee eee ee Do Exercise 10. 


| EXAMPLE 7 Solve and graph: 7 + 2x < -lor13 — 5x <3. 
We solve each inequality separately, retaining the word or: 


T+ 2X <1, or 13> 5*k=.3 
2x < —-8 or —5x = -10 


Dividing by —5. The symbol 
must be reversed. 


x< -4 or Ge. 


To find the solution set of the disjunction, we consider the individual graphs. 
We graph x < —4 and then x = 2. Then we take the union of the graphs. 


{x| x< —4} ee eee t—+—+-+-++ > (-~, -4) 
-7 -6 -5 —4.-3 -2:-1 0 23 4 5 6 7 
{x| x= 2} <++ 4 f+—+—+—+-+>_ [2,%) 
—7 -6 -5 -4 -3 -2 -— 0 2 3. 4 & GF 
{x|x<—4orx>2} <—}+—+—+} $$$ +> (—~, —4) 
-7 -6 -5 -4-3-2-1 012 3 4 5 67 U [2, ©) 
Answer 
10. a The solution set is written {x|x < —4 or x = 2}, or, in interval notation, 
(—00, -2] U (4, 09) (—co, -4) U[2, co). ) 
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Caution! 
A compound inequality like 
x<-4 or x=22, 


as in Example 7, cannot be expressed as 2 = x < —4 because to do so 
would be to say that x is simultaneously less than —4 and greater than or 
equal to 2. No number is both less than —4 and greater than or equal to 2, 
but many are less than —4 or greater than or equal to 2. 


Do Exercises 11 and 12. 


| EXAMPLE 8 Solve: —2x — 5 < -2 orx — 3 < —10. 
We solve the individual inequalities separately, retaining the word or: 


20> 5-2) Or XH S10 


—2x<3 or x<-7 
Reversing 
the symbol : | 
x> -3 or LS 7, 
‘ Keep the word “or. 


The solution set is written {x|x < —7 or x > 3}, or, in interval notation, 
3 
(=00,=7)U(-% &)}. ) 


Do Exercise 13. 


' EXAMPLE 9 Solve: 3x — 11 < 40r4x +921. 
We solve the individual inequalities separately, retaining the word or: 


3x-11<4 or 4x+921 
3x < 15 or 4x = -8 
x<5 or x= -2. 


To find the solution set, we first look at the individual graphs. 


{x| x <5} —__+-+-++- + 4+ 4S) 
-7-6-5-4-3-2-1 0 12 3 4 5 67 

{x| x= —2} <—}+_++_+++++_ 1 4 _s“&[-2,) 
-7-6-5-4-3-2-1 0 123 4 5 67 

{x| x < 5} U {x| x= —2} Ss ee (—®, 0) 

= {x|x<5 orx > —2} -7-6 -5 -4-3-2-1 0 1 2 = The set 

= {x| xis a real number} of all real 

numbers 


Since any number is either less than 5 or greater than or equal to —2, the 
two sets fill the entire number line. Thus the solution set is the set of all real 
numbers, (— 00, 00), 


Do Exercise 14. 


Solve and graph. 
lone = th Sore =o = 8} 


13. Solve: 
She = 7 < =| Op se ab 4 < = IL, 


14. Solve and graph: 
y= 7 SMS Or20= Il S=7, 


SSS 

-6-5-4-3-2-1 0123 45 6 

Answers 

ll. {x|x < lorx = 6}, or (—00, 1) U[6, 00); 
— oS > 


(—%, —2)U [;. ~) 


13. {xlx < —5orx|x > —2}, or 
(—oo, —5) U (—2, 00) 
14. All real numbers; 


—_——s-s-seeses sss > 
0 
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MAKING POSITIVE 
CHOICES 


Making these choices will con- 
tribute to your success in this 
course. 


¢ Choose to make a strong com- 
mitment to learning. 


¢ Choose to place the primary 
responsibility for learning on 
yourself. 


° Choose to allocate the proper 
amount of time to learn. 


15. Converting Dress Sizes. Refer 
to Example 10. Which dress sizes 
in the United States correspond 
to dress sizes between 36 and 58 
in Italy? 


Answer 
15. {s|8 <s < 19} 


(c) Applications and Problem Solving 


) EXAMPLE 10 Converting Dress Sizes. The equation 
I= 2(s + 10) 


can be used to convert dress sizes s in the United States to dress sizes J in Italy. 
Which dress sizes in the United States correspond to dress sizes between 32 
and 46 in Italy? 


1. Familiarize. We have a formula for converting the dress sizes. Thus 
we can substitute a value into the formula. For a dress of size 6 in the 
United States, we get the corresponding dress size in Italy as follows: 


I = 2(6 + 10) = 2- 16 = 32. 


This familiarizes us with the formula and also tells us that the United 
States sizes that we are looking for must be larger than size 6. 


2. Translate. We want the Italian sizes between 32 and 46, so we want to 
find those values of s for which 


32 < I< 46 Tis between 32 and 46 
or 
32 < 2(s + 10) < 46. Substituting 2(s + 10) for I 
Thus we have translated the problem to an inequality. 
3. Solve. We solve the inequality: 
32 < 2(s + 10) < 46 
32 _ 2(s+ 10) _ 46 


= 5 5 Dividing by 2 
16<s+10< 23 
6<s< 13. Subtracting 10 


4. Check. We substitute some values as we did in the Familiarize step. 


5. State. Dress sizes between 6 and 13 in the United States correspond to 
dress sizes between 32 and 46 in Italy. 


Do Exercise 15. 
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For Extra Help 


Exercise Set MyMathLab ye &. = & 


(a) ) (b) Find the intersection or union. 


1. {9, 10, 11} N {9, 11, 13} 2. {1,5, 10, 15} {5, 15, 20} 3. {a, b,c, d} M {b, f, g} 
4. {m,n,0, p}M {m, 0, p} 5. {9, 10, 11} U {9, 11, 13} 6. {1,5, 10, 15} U {5, 15, 20} 
7. {a, b,c, d} U {b, f, g} 8. {m,n, 0, p} U {m, 0, p} 9. {2,5,7,9} 1 {1,3, 4} 

10. {a,e,i,0, u}M {m, q, w,s, t} 11. {3,5,7} UD 12. {3,5,7}N@ 


(a) Graph and write interval notation. 


13. —4 < aanda = 1 14. —3 < mandm <3 
t—+—+—_}—}-—_}—_ +++ +} t—+—+—}—_}—_}-— + }—_}+—_ +++ 4 
-6-5-4-3-2-1 012345 6 -6-5-4-3-2-1 0123456 
151<x<6 16.-3=y=4 
ptt} tt tt <a ttt 
-6-5-4-3-2-1 0123456 -6-5-4-3-2-1 0123456 
Solve and graph. 
17. —10 = 3x + 2and3x+2< 17 18. —11 < 4x — 3and4x - 3 = 13 
t+—+-+++4+++++4++44 t++4++++++4+4+4 
-6-5-4-3-2-1 012345 6 -6-5-4-3-2-1 0123456 
19. 3x + 7 = 4and2x-52-1 20. 4x — 7 < land7 — 3x > -8 
a ee tot tt} ttt 
-6-5-4-3-2-1 012345 6 -6-5-4-3-2-1 012345 6 
21. 4 — 3x = l0and5x — 2> 13 22.5 — 7x > 19 and2 — 3x < -4 
pif pp a 
-6-5-4-3-2-1 012345 6 -6-5-4-3-2-1 012345 6 
Solve. 
23. -4<x+4< 10 24.-6<x+6<=8 25.6 > -x = -2 26.3 > -x=—-5 
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29.1 <3y+4<19 


28. -6=x+1<9 


27.2<x+3859 


32. -6 = 2x -3<6 


-10=3x-5=-1 


31. 


5 = 8x+5=21 


30. 


34.4 > -3m-722 


33. -18 = -2x -7<0 


38. -3 < 


Graph and write interval notation. 


40. x < -—4orx>0 


39. x < -—20rx>1 


42.x = -lorx>3 


41.x=-30rx>1 


Solve and graph. 


44,.x—-—2<-lorx-—2>3 


43.x+3<-2o0rx+3>2 


46.x-—5= -4o0r2x-723 


2x-8=-30rx-123 


45. 


I 
123 45 6 


I 
-6-5-4-3-2-1 0 


48. 4x — 4 < —8o0r4x—-—4< 12 


7x+ 42 —-l17o0r6x+5=-—7 


47. 


‘ouy ‘UonRonpy uosiead T10Z © 1ysUAdoD 


| 
T 
0123 45 6 


| 
T 
-6-5-4-3-2-1 


50.6 > 2x - lor-4s 2x-1 


Solve. 
49.7 > —-4x+ 50r10 = —4x+ 5 
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51. 3x —7> -l0or5x+ 2 Ss 22 


53. —2x — 2 < -60r-2x —-2>6 
5 2 5 
55. 4< 14> 
Xx or 6 
2x —5 2x -—5 
57. = -3 =4 
6 6 


fo >" 
(CC) Solve. 
— 


59. Pressure at Sea Depth. 


d 
P=1+— 
33 
gives the pressure P, in atmospheres (atm), at a depth of 
d feet in the sea. For what depths d is the pressure at 
least 1 atm and at most 7 atm? 


The equation 


In order to achieve maximum 


61. Aerobic Exercise. 
results from aerobic exercise, one should maintain 
one’s heart rate at a certain level. A 30-year-old woman 
with a resting heart rate of 60 beats per minute should 
keep her heart rate between 138 and 162 beats per 
minute while exercising. She checks her pulse for 
10 sec while exercising. What should the number of 
beats be? 


52. 


54. 


1 
56. 4 


58. 


60. 


62. 


1.5 Intersections, Unions, and Compound Inequalities 


3x+2<20r4—-—2x< 14 


3m —7< —-50r-3m—-7>5 


1 
3x = 3.7 or] 5x = 4.8 


Temperatures of Liquids. The formula 


C = 3(F - 32) 
can be used to convert Fahrenheit temperatures F to 
Celsius temperatures C. 


a) Gold is a liquid for Celsius temperatures C such that 
1063° = C < 2660°. Find such an inequality for the 
corresponding Fahrenheit temperatures. 

b) Silver is a liquid for Celsius temperatures C such that 
960.8° = C < 2180°. Find such an inequality for the 
corresponding Fahrenheit temperatures. 


Minimizing Tolls. A $6.00 toll is charged to cross the 
bridge from mainland Florida to Sanibel Island. A six- 
month pass, costing $50.00, reduces the toll to $2.00. 

A one-year pass, costing $400, allows for free crossings. 
How many crossings per year does it take, on average, 
for the two six-month passes to be the most economical 
choice? Assume a constant number of trips per month. 
Source: leewayinfo.com 
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63. Body Mass Index. Refer to Exercises 71 and 72 in 
Exercise Set 1.4. Marv’s height is 73 in. What weights W 
will allow Marv to keep his body mass index J in the 
18.5-24.9 range? 


65. Young’s Rule in Medicine. Refer to Exercise 37 in 
Exercise Set 1.2. The dosage of a medication for an 
8-year-old child must stay between 100 mg and 200 mg. 
Find the equivalent adult dosage. 


Skill Maintenance 


Find the absolute value. [R.1d] 


64. Body Mass Index. Refer to Exercises 71 and 72 in 
Exercise Set 1.4. Elaine’s height is 67 in. What weight W 
will allow Elaine to keep her body mass index in the 
18.5-24.9 range? 


66. Young’s Rule in Medicine. Refer to Exercise 37 in 
Exercise Set 1.2. The dosage of a medication for a 
5-year-old child must stay between 50 mg and 100 mg. 
Find the equivalent adult dosage. 


67. |—3.2| 68. |—5| + |7| 69. |-5 + 7| 70. |7 — 7| 
Simplify. [R.7a, b] 
71. (—2x~4y8)5 72. (—4a5b~’)(5a7!28 73 hare 

be ( xX y ) ie ( a )( a ) * 5a 12p8 


74. (5p®q!})2 


Synthesis 


Solve. 
77%..4=10 < 5¥ + 6= xX + 10 


81. 3x <4 —-—5x<5+4+ 3x 


83.x+4<2x-65x4+12 


5,,-6\-3 
oe (= b ) 
28a"b-8 


125 11 ,,12\ 2 
re, (120) 


78. 4m — 8 > 6m+ 50r5m— 8 < —2 
80. 2[5(3 — y) — 2(y- 2)] >y +4 


82. 2x — 3 < —4or2x 


84. 2x +35 x-6o0r3x-254x+5 


Determine whether each sentence is true or false for all real numbers a, b, and c. 


85. If —b < —a, thena < b. 


87. Ifa < candb < c, thena < b. 


86. Ifa = candc <= b, thenb = a. 


88. If-—a < cand-—c > b, thena > b. 


89. What is the union of the set of all rational numbers with the set of all irrational numbers? the intersection? 
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(a) Properties of Absolute Value 


We can think of the absolute value of a number as its distance from zero on 
the number line. Recall the formal definition from Section R.2. 


ABSOLUTE VALUE 


The absolute value of x, denoted |x|, is defined as follows: 


x=O0—>lxl=x, «<0 — |x| =—-x. 


This definition tells us that, when x is nonnegative, the absolute value of x is x 
and, when x is negative, the absolute value of x is the opposite of x. For exam- 
ple, |3|] = 3 and |—3| = —(—3) = 3. 

We see that absolute value is never negative. We can also think of a 
number’s absolute value as its distance from zero on the number line. 

Some simple properties of absolute value allow us to manipulate or 
simplify algebraic expressions. 


PROPERTIES OF ABSOLUTE VALUE 


a) 


Cc) 


|ab| = |a| - |b, for any real numbers a and b. 
(The absolute value of a product is the product of the absolute 
values.) 


a 
a for any real numbers a and b # 0. 


= iol 
(The absolute value of a quotient is the quotient of the absolute 
values.) 


|—a| = |al, for any real number a. 


(The absolute value of the opposite of a number is the same as the 
absolute value of the number.) 


EXAMPLES Simplify, leaving as little as possible inside the absolute- 


value signs. 


| \ al 


oo 


| 


- [Sx] = [5] - [x] = 5] 


3y| = |-3] - |yl = 3ly 


| aeF| =F] el) = Fie] = RF Since x? is never negative for any 


number x 


6x [2| 2 


2 
=X, 


—3x? |-x| |e" ) 


| Do Margin Exercises 1-5. 


SKILL TO REVIEW 
Objective R.id: Find the absolute 
value of a real number. 


Find each absolute value. 
1. |—4| 2. |3.5) 


Simplify, leaving as little as possible 
inside the absolute-value signs. 


ees 2. |x4 
3. |5a7b| ae 
b2 
5. |—9x| 
Answers 
Skill to Review: 
1.4 2.35 


Margin Exercises: 
1. 7x] 2. x8 3. 5a?Ib| 


5. 9|x| 
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(b) Distance on the Number Line 


The number line below shows that the distance between —3 and 2 is 5. 


Se a ee 
-4-3-2-1 0 1 2 
Uu—_,—_/ 


5 units 


Another way to find the distance between two numbers on the number 
line is to determine the absolute value of the difference, as follows: 


|-3 — 2} = |-5|=5, or |2 —- (-3)| = |5| =5. 


Note that the order in which we subtract does not matter because we are 
taking the absolute value after we have subtracted. 


DISTANCE AND ABSOLUTE VALUE 


For any real numbers a and b, the distance between them is |a — b]. 


We should note that the distance is also |b — al, because a — bandb — a 
are opposites and hence have the same absolute value. 


! EXAMPLE 5. Find the distance between —8 and —92 on the number line. 


Find the distance between |-8 — (-92)| = |84| = 84, or |-92 — (-8)| = |-84| = 84 ) 
the points. 

6. —6, —35 ! EXAMPLE 6 Find the distance between x and 0 on the number line. 

7.19, 14 |x — | = |x] p 


8.0, p Do Exercises 6-8. | 
(¢) Equations with Absolute Value 


| EXAMPLE 7 Solve: |x| = 4. Then graph on the number line. 


Note that |x| = |x — 0|, so that |x — 0] is the distance from x to 0. Thus 
solutions of the equation |x| = 4, or |x — 0| = 4, are those numbers x whose 
distance from 0 is 4. Those numbers are —4 and 4. The solution set is {—4,4}. 
The graph consists of just two points, as shown. ) 


4 units 4 units 
A \ A 


<—_—+— 
-5 -4-3-2-1 0 1 2 3 
ela 


| EXAMPLE 8 Solve: |x| = 0. 


The only number whose absolute value is 0 is 0 itself. Thus the solution 
is 0. The solution set is {0}. 


| EXAMPLE 9 Solve: |x| = —7. 


The absolute value of a number is always nonnegative. Thus there is no 
number whose absolute value is —7; consequently, the equation has no solu- 


Avswer tion. The solution set is @. 


6.29 7.5 8. |p| 
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Examples 7-9 lead us to the following principle for solving linear equa- 
tions with absolute value. 


THE ABSOLUTE VALUE PRINCIPLE 


For any positive number p and any algebraic expression X: 


9. Solve: |x| = 6. Then graph on 


a) The solution of |X| = pis those numbers that satisfy X = —p ed aes 


or X = p. 


b) The equation |X| = 0 is equivalent to the equation X = 0. bedctest stactacle! 


| | | | \ 
T T T T T 
= =—G =! =2 0 & 4 tf 8 


c) The equation |X| = —p has no solution. 
10. Solve: |x| = —6. 


Do Exercises 9-11. 11. Solve: |p| = 0. 


We can use the absolute-value principle with the addition and multipli- 
cation principles to solve equations with absolute value. 


EXAMPLE 10 Solve: 2\x| + 5 = 9. 


We first use the addition and multiplication principles to get |x| by itself. 
Then we use the absolute-value principle. 


2\x]} +5 =9 
lx) = 4 Subtracting 5 
lal = 2 Dividing by 2 Solve. 
x=-2 or x=2 Using the absolute-value principle 12. |3x] = 6 
The solutions are —2 and 2. The solution set is {—2,2}. ) 13. 4|x| + 10 = 27 


(Do Exercises 12-14. 14, 3|x| — 2 = 10 


EXAMPLE 11 Solve: |x — 2| = 3. 


We can consider solving this equation in two different ways. 


METHOD 1: This allows us to see the meaning of the solutions graphically. 
The solution set consists of those numbers that are 3 units from 2 on the 
number line. 


t—¢ 
-5 -4-3-2-1 012 3 4 5 


3 units 3 units 


The solutions of |x — 2| = 3 are —1 and 5. The solution set is {—1,5}. 


METHOD 2: This method is more efficient. We use the absolute-value 
principle, replacing X with x — 2 and p with 3. Then we solve each equation 


separately. 15. Solve: |x — 4| = 1. Use two 
|x| =p methods as in Example 11. 
|x — 2| =3 
x-2=-3 or x-2=3 Absolute-value principle 
Answers 
x=-1 or x=5 
9. {6,-6}; 
The solutions are —1 and 5. The solution set is {—1,5}. ) aa a 


10.@ 11. {0} 12, {-2,2} 


Do Exercise 15. ie {-2 7h 14. {4,4} 15. {3,5} 
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16. Solve: |3x — 4| = 17. 


17. Solve: |6 + 2x| = —3. 


Solve: 
18. [5x — 3| = |x + 4| 


19. |x — 3| = |x + 10] 


Answers 
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| EXAMPLE 12 Solve: |2x + 5| = 13. 


We use the absolute-value principle, replacing X with 2x + 5 and p 
with 13: 


IX| =p 
|2x + 5| = 13 
2x+5=-13 or 2x+5=13 Absolute-value principle 
2x = -18 or 2x = 8 
x=-9 or x= 4, 
The solutions are —9 and 4. The solution set is {—9,4}. ) 


Do Exercise 16. 


| EXAMPLE 13 Solve: |4 — 7x| = —8. 
Since absolute value is always nonnegative, this equation has no solution. 
The solution set is ©. 


Do Exercise 17. 


(d) Equations with Two Absolute-Value 
Expressions 
Sometimes equations have two absolute-value expressions. Consider |a| = |b]. 


This means that a and b are the same distance from 0. If a and b are the same 
distance from 0, then either they are the same number or they are opposites. 


) EXAMPLE 14 Solve: |2x — 3] = |x + 5]. 
Either 2x — 3 = x + 50r 2x — 3 = —(x + 5). We solve each equation: 


2x-3=x+5 or 2x-3=-(x+ 5) 


x-3=5 or 2x-3=-x-—5 
x=8 or 3x-—3=-5 
x=8 or 3x-= 2 
x= 8 or x= —% 
The solutions are 8 and —§. The solution set is {8, = ay. ) 


| EXAMPLE 15. Solve: |x + 8] = |x — 5]. 
x+8=x-5 or x+8=-(x-5) 
=-5 or x+8=-x+5 

=—-5 or 2x = —3 


-—_ = 3 
=-5 or x= -35 


The first equation has no solution. The second equation has — 3 as a solution. 
The solution set is {—3}. ) 


Do Exercises 18 and 19. 


Solving Linear Equations and Inequalities 


(e) Inequalities with Absolute Value 


We can extend our methods for solving equations with absolute value to 
those for solving inequalities with absolute value. 


EXAMPLE 16 Solve: |x| = 4. Then graph on the number line. 


From Example 7, we know that the solutions are —4 and 4. The solution 
set is {—4,4}. The graph consists of just two points, as shown here. 


a ay a ea a 20. Solve: |x| = 5. Then graph on 


|x| =4 ) the number line. 


or i i 1 i 1 1 1 Ss 


i 1 i i i 1 i 1 
* T T T T T T T T T T T T T T T 
Do Exercise 20. =) <6 =—<4 —2 @ 9 A 6 B 


EXAMPLE 17 Solve: |x| < 4. Then graph. 


The solutions of |x| < 4 are the solutions of |x — 0| < 4 and are those 
numbers x whose distance from 0 is less than 4. We can check by substituting 
or by looking at the number line that numbers like —3, —2, —1, —3, —4, 0, 4,3, 
1, 2, and 3 are all solutions. In fact, the solutions are all the real numbers x 
between —4 and 4. The solution set is {x|—4 < x < 4} or, in interval notation, 
(—4,4). The graph is as follows. 


(—4, 4) 
-5 -4 -3 -2 -1 0 1 2 3 
|x| <4 ] 21. Solve: |x| < 5.Then graph. 


. —< t T t T t T t T t T t T t T t T t > 
Do Exercise 21. =—3 <8 <4 2 @ 2% 2° 6 8B 


EXAMPLE 18 Solve: |x| = 4. Then graph. 


The solutions of |x| = 4 are solutions of |x — 0| = 4 and are those num- 
bers whose distance from 0 is greater than or equal to 4—in other words, 
those numbers x such that x = —4 or x = 4. The solution set is {x|x = —4 or 
x = 4A}, or (—00, —4] U [4, 00). The graph is as follows. 


] 22. Solve: |x| = 5. Then graph. 


L Do Exercise 22. a 


| | | \ | \ | 
I T I T i T I 
=e } 2 2 & f 


Examples 16-18 illustrate three cases of solving equations and inequali- 
ties with absolute value. The following is a general principle for solving equa- 
tions and inequalities with absolute value. 


Answers 
20. {-5,5}; 
o 


t—+—++—++-+ +++ 
-5 0 5 
21. {x|-5 < x < 5}, or (—5,5); 


os GSS nL Ro 
=5 0 5 


22. {x|x < —5orx = 5}, or(—%, -5] U[5, 0); 


-5 0 5 


1.6 Absolute-Value Equations and Inequalities 145 


SOLUTIONS OF ABSOLUTE-VALUE 
EQUATIONS AND INEQUALITIES 


For any positive number p and any algebraic expression X: 


a) The solutions of |X| = p are those numbers that satisfy X = —p or 
X= p. 
As an example, replacing X with 5x — 1 and p with 8, we see that the 
solutions of |5x — 1| = 8 are those numbers x for which 
See l==¢ oF = 1=8 
5x = —7 or 5x = 9 
St _9 
xX=—s5 or X=s5- 


The solution set is {- ZL ae 


@ alo 


t t > 
-2 -1 0 1 2 


b 


= 


The solutions of |X| < p are those numbers that satisfy 
=p =< X= p, 


As an example, replacing X with 6x + 7 and p with 5, we see that the 
solutions of |6x + 7) < 5 are those numbers x for which 


=F Oh + 7 <5 
=12.< 6% <.=2 
—-2<x< -}. 


The solution set is {x|-2 <x< -}, or (-2, 3) 


c) The solutions of |X| > p are those numbers that satisfy X < —p or 
X> p. 


As an example, replacing X with 2x — 9 and p with 4, we see that the 
solutions of |2x — 9| > 4 are those numbers x for which 


n= f= =4 of Zee oS a 
2x <5 or 2x > 13 
x<3 or x>¥. 


The solution set is {x]x < 2 orx > BI, or (—oo, 3) U (},00). 
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' EXAMPLE 19 Solve: |3x — 2| < 4. Then graph. 
We use part (b). In this case, X is 3x — 2 and pis 4: 
|x| < p 
\3x — 2) <4 Replacing X with 3x — 2 and p with 4 
-4<3x-2<4 
—2<3x <6 


—2<x< 2, 


The solution set is {x|-3 <x < 2h, or (- 3,2). The graph is as follows. 
2 
3. 


-4.-3-2-1 0 1 2 3 4 
|3x-2|<4 ) 
) EXAMPLE 20 Solve: |8 — 4x| = 5. Then graph. 
We use part (b). In this case, Xis 8 — 4x and pis 5: 
Ix] = p 
|8 = 4x| = 5 Replacing X with 8 — 4x and pwith5 

—-5=8-4x=5 
—-13 = -4x = -3 


8 2x 2 Dividing by —4 and reversing the 
inequality symbols 
The solution set is {x|42 = x = 3}, or {x|? < x = Bh, or [3,9]. 
ES 13 
4 4 
t—+$—+-+-++- H+} +H} + ++ > 
-5-4-3-2-1 0 12 3 4 5 
|8 — 4x|<5 


Solve. Then graph. 
) EXAMPLE 21 Solve: |4x + 2| = 6. Then graph. 23520 = 93| <7 


We use part (c). In this case, Xis 4x + 2 and pis 6: {4 


x] = p 
|4x + 2|=6 Replacing Xwith 4x + 2 and pwith6 24. |7 — 3x = 4 
4x+2=-6 or 4x+226 SRS SSS SaaS 
=—§ =6 4 =2 0 2 4 & 
4x = -8 or 4x24 
<= =2 oF = 1, 25, |3x + 2|=5 
The solution set is {x|x = —2orx = 1}, or (—0o0, —2] U[1, 0). Ht tH HH 
=3 <6 4 =2 @ 2 4 @ 
-§ -4.-3.-2 -l1 0 1 2 3 4 5 
|4x + 2| 26 ) 
Answers 
(Do Exercises 23-25. ee Gd a aD 
ne 
—2 0 5 
Wy of u 
24. {xsx= HOF |; , +} 
Ppt tp 
01 I 
3 
25. {xr = —forx = 1 vor (—00,-£] U 1,00) 
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. For Extra Help ——= 
Exercise Set mane 


MyMathLab I PRACTICE WATCH DOWNLOAD eae REVIEW. 
(a) Simplify, leaving as little as possible inside absolute-value signs. 


1. |92 2. [26x 3, (2e7| 4, |8x>| 
5. |-2x?| 6. |—20x2| 7. |-6y| 8. |-17y| 
= 2 4 
g | 10. A iy | | 
x 3 = —-y 
—8x2 —9y? 4y3 5x3 
13.| ae 14. | 3y 15. oe 16. |e 


(b) Find the distance between the points on the number line. 


17. —8, —46 18...=7;, = 32 19. 36, 17 20. 52, 18 


2 
21. —3.9, 2.4 220 =1:8) =327 235-55;0 24, 3 3 


(c) Solve. 


25..\x|= 3 26. |x| = 5 27. |x| = -3 28. |x| = -9 

29. |q| = 0 30. |y| = 7.4 31. |x — 3| = 12 32. |3x — 2| = 6 
g 

33. |2x — 3| =4 34, [5x + 2| = 3 35. |4x — 9| = 14 36. |9y — 2| = 17 g 
wo 
=] 
z 

37. |x| + 7 = 18 38. |x| — 2 = 6.3 39. 574 = 283 + |¢| 40. —562 = —2000 + |x| = 
& 
1e) 
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41. |5x| = 40 


45. 7|w| — 3 = 11 


49. |m + 5| + 9 = 16 


53. |3x — 4| = -2 


( d) Solve. 


57. [3x + 4| = |x - 7| 


60. |x — 15| = |x + 8| 


63. ly — 3| = [3 — | 


66. |8 — q| = |q + 19} 


69. [5x — 5| = [ix + 3] 


42, |2y| = 18 43. 


46. 5|x| + 10 = 26 


50. |t- 7] -5 = 4 51. 


54. |x — 6| = -8 55. 


58. |2x — 8| = |x + 3| 


61. |2a + 4| = [3a - 1 


64, |m — 7| = |7 — ml 


70. |2 — $x| = |4 + Zx| 


|3x| - 4 = 17 44, |6x| + 8 = 32 


2x- 1 4 — 5x 
z|-5 as, |* 5 - 

10 — |j2x -1| =4 52, 2\2x — 7| + 

B+ axl = 8 56. fj ~ 4x| = § 


59. |x + 3| = |x — 6| 


62. |5p + 7| = |4p + 3] 


65. |5 — p| = |p + 8| 
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11 = 25 
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. 
fe ’ Solve. 
= 


71. |x| <3 72. |x| = 5 73. |x| = 2 74, |y| > 12 
75. |x -—1]<1 76. |x + 4| =9 77. 5|x + 4| < 10 78. 2|x — 2| > 6 
79, |2x — 3| = 4 80. [5x + 2| <3 81. |2y — 7| > 10 82. |3y — 4| > 8 
83. |4x — 9| = 14 84. |9y — 2| = 17 85. ly — 3| < 12 86. |p — 2| <6 
87. |2x + 3| <4 88. [5x + 2| < 13 89. |4 — 3y|>8 90. |7 — 2y| >5 
91. |9 — 4x| = 14 92. |2 — 9p| = 17 93. |3 — 4x| < 21 94, |-5 — 7x| = 30 
95. [5 + 30 = 12 96. [Ty ~ 6| > 24 97. 54) <4 9. |S 25) <2 
2 4 3 4 
2— 5x 2 1+ 3x 7 
go, |? = 100. |* | » 101. |m + 5| +9 = 16 102. |t- 7) +324 
4 3 5 8 
10d. 7 (3 S04 Ss 104. 16 < |2x — 3| +9 105. aot <1 106. 2 >=] 
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Skill Maintenance 


In each of Exercises 107-114, fill in the blank with the correct term from the given list. Some of the choices may 
not be used. 


107. The ______ of two sets A and Bis the collection of (a, b] 
elements belonging to A and/or B.  [1.5b] [a, b) 
(a, b) 
108. Two sets with an empty intersection are said to be disjoint 
{1.5a] ; 
union 
‘ ti 
109. The expression x = q means x is q. [1.4d] rem 
equivalent 
110. Interval notation for {x|a = x <= b} is . [1.4b] absolute value 
equation 
111. The of anumber is its distance from zero on inequality 
the number line. [1.6a] at least 
at most 
112. A(n) is anumber sentence that says that the 
expression on either side of the equals sign represents the same 
number. [1.1a] 
113. Equations with the same solutions are called 
equations. [1.1a] 
114. A(n) is any sentence containing <, >, =, 
=,or#. [1.4a] 
Synthesis 
115. Motion of a Spring. A weighted spring is bouncing up 116. Container Sizes. A container company is manufactur- 
and down so that its distance d above the ground satis- ing rectangular boxes of various sizes. The length of any 
fies the inequality |d — 6ft| = 3 ft. Find all possible box must exceed the width by at least 3 in., but the 
distances d. perimeter cannot exceed 24 in. What widths are 
possible? 
l=w+t+3, 
21+ 2w = 24 
Solve. 
117. |x + 5) =x +5 118. 1 — |ix + 8| =2 119. |7x — 2} =x +4 
120. |x — 1] =x-1 121. |x — 6| = -8 122. |3x — 4| > -2 
123. |x + 5| > x 124, |? + 3x| < -¢ 
Find an equivalent inequality with absolute value. 
125.:-=3 <7 <3 126.-5=y=5 127. x = -60rx = 6 


128. -5<x<1 129. x < -—80rx > 2 
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Summary and Review 


Key Terms and Properties 


equation, p. 74 graph of an inequality, p. 113 empty set, p. 132 
solution, p. 74 set-builder notation, p. 114 disjoint sets, p. 132 
solution set, p. 74 interval notation, p. 114 union of sets, p. 133 
equivalent equations, p. 75 compound inequality, p. 129 disjunction, p. 133 
formula, p. 88 intersection of sets, p. 129 absolute value, p. 141 
inequality, p. 113 conjunction, p. 130 

The Addition Principle for Equations: For any real numbers a, b, and c: a = bis equivalent to 


at+c=bte. 

The Multiplication Principle for Equations: For any real numbers a, b, and c, c # 0; a = bis equivalent to 
a-c=b-c. 

The Addition Principle for Inequalities: For any real numbers a, b, andc: a < bis equivalent to 
a+c<b+c;a> bisequivalenttoa+c>b+c. 


The Multiplication Principle for Inequalities: For any real numbers a and J, and any positive number c: a < b 
is equivalent to ac < bc;a > bis equivalent to ac > be. 


For any real numbers a and b, and any negative number c: a < b 
is equivalent to ac > bc;a > bis equivalent to ac < be. 


Similar statements hold for = and =. 

Set Intersection: AM B= {x|xis in A and xis in B} 

Set Union: AUB = {x|xisin A or xis in B, or xis in both A and B} 
“a < xandx < b” is equivalent to “a < x < b.” 

Properties of Absolute Value 
a lal 
b |b 
Principles for Solving Equations and Inequalities Involving Absolute Value: 


|ab| = |a| - |b 


, |-al =|al, | The distance between a and bis |a — DJ. 


, 


For any positive number p and any algebraic expression X: 


a) The solutions of |X| = p are those numbers that satisfy X = —porX = p. 
b) The solutions of |X| < p are those numbers that satisfy —p < X < p. 
c) The solutions of |X| > p are those numbers that satisfy X < —porX > p. 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. For any real numbers a, b, andc,c # 0,a = bis equivalenttoa-c=b-c. [1.1c] 


3B — mt 
2. When we solve 3B = mt + nt for t, we get t = = [1.2a] 


. For any real numbers a, b, andc, c # 0,a = bis equivalent to ac = be. [1.4c| 


. The inequalities x < 2 and x = 1 are equivalent. [1.4c] 
x| =-x. [1.6a] 
. |x| is always positive. [1.6a] 


3 
4 
5. If xis negative, 
6 
7 


. la— bl = |b- al. [1.6b] 
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Important Concepts 


Objective 1.1d Solve equations using the addition principle and the multiplication principle together, 
removing parentheses where appropriate. 


Example Solve: 10y — 2(3y + 1) = 6. Practice Exercise 
1l0y — 2(3y + 1) =6 1. Solve: 2(x + 2) = 5(x — 4). 
1l0y — 6y-2=6 Removing parentheses 
4y-2=6 Collecting like terms 
4y=8  Adding2 
y=2 Dividing by 4 
The solution is 2. 


Objective 1.2a Evaluate formulas and solve a formula for a specified letter. 


+ 
Example Solve forz: T = . 3 5 Practice Exercise 
1 
_wtz 2. Solve for h: F = — gh. 
T= 4 
3 
pi a{wtZ Multiplying by 3 to 
3-T=83 d 
3 clear the fraction 
38T=wt+z Simplifying 
3T-w=Z Subtracting w 


Objective 1.4c Solve an inequality using the addition principle and the multiplication principle 


and then graph the inequality. 
Example Solve and graph: 6x — 7 = 3x + 2. | Practice Exercise 
64-7 S 3x2 3. Solve and graph: 5y + 5 < 2y— 1. 


34 12 Subtracting 3x 


3x=9 Adding7 
x=3 Dividing by 3 
The solution set is {x|x = 3}, or (—0o, 3]. We graph the 
solution set. 


| | | | 
I I 1 I T 1 T T T 1 T 
-5 -4 -3 -2 -1 0 1 2 3 4 5 


-5 -4 -3-2-1 0 1 2 3 4 5 


Objective 1.5a Find the intersection of two sets. Solve and graph conjunctions of inequalities. 

Example Solve and graph: —5 < 2x — 3 $3. | Practice Exercise 
—5<2x-3 53 4. Solve and graph: —4 = 5z+6< 11. 
—2<2x=6 Adding 3 


—§ -4 -3.-2-1 0 1 2 3 4 5 
The solution set is {x|—1 < x = 3}, or(—1,3]. We graph 


the solution set. 
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a 


Objective 1.5b Find the union of two sets. Solve and graph disjunctions of inequalities. 


Example Solve and graph: 2x + 1 = —5 or3x+1> 7. Practice Exercise 
2x+1s5-5 or 3x+1>7 5. Solve and graph: z+ 4 < 30r4z+125. 
aaa’ ne a 
x=-3 or x>2 -5 -4-3-2-1 0 12 3 4 5 


The solution set is {x|x = —3 or x > 2}, or 
(—00, —3] U (2, co). We graph the solution set. 


-§5 -4 -3=-2-1 0 12 3 4 5 


Objective 1.6c Solve equations with absolute-value expressions. 


Example Solve: |y — 2| = 1. Practice Exercise 
poe] or y-2=1 6. Solve: |5x — 1| = 9. 
y=1 or y=3 


The solution set is {1, 3}. 


Objective 1.6d Solve equations with two absolute-value expressions. 


Example Solve: |4x — 4] = |2x + 8]. Practice Exercise 
4x —-4=2x+8 or 4x—4= —(2x + 8) 7. Solve: lz + 4| = |3z - 2I. 
2x -4=8 or 4x—-4=-2x- 8 
2x = 12 or 6x-4=-8 
x=6 or 6x = —4 
x=6 or x= ae 
3 


2 
The solution set is {6 = I. 


Objective 1.6e Solve inequalities with absolute-value expressions. 


Example Solve: (a) |5x + 3| < 2; (b) |x + 3] = 1. Practice Exercise 

a) [5x + 3| <2 8. Solve: (a) |2x + 3| <5; (b) [3x + 2| = 8. 
—2<5x+3<2 
-5<5x< —-l 


1 
-l<x<-= 
5 
. ; 1 1 
The solution set is a(S eee , or “L-; ; 
b) Ix + 3} =1 
x+3=5=-1 or x+321 
x=-4 or x=-2 


The solution set is {x|x = —4orx = —2}, or 
(—00, —4] U[—2, 00). 
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nnn nn nn nn ne eee a: 


Review Exercises 
Solve. [1.1b, c, d] 


1 -ll+y=-3 2. -7x = -3 


5 
3. —2x + 


4. 6(2x — 1) = 3 — (x + 10) 


5. 2.4x + 1.5 = 1.02 


A(x + 1) = 7(1 — x) 


Solve for the indicated letter. 
7. C= 4d + 3, ford 


{1.2a] 


8. A = 2a — 3b, forb 


9. Interstate Mile Markers. Ifyou are traveling ona U.S. 
interstate highway, you will notice numbered markers 
every mile to tell your location in case of an accident or 
other emergency. In many states, the numbers on the 
markers increase from west to east. The sum of two 
consecutive mile markers on I-70 in Utah is 371. Find 
the numbers on the markers. [1.3a] 


Source: Federal Highway Administration, Ed Rotalewski 


10. Rope Cutting. A piece of rope 27 m long is cut into 
two pieces so that one piece is four-fifths as long as the 
other. Find the length of each piece. _[1.3al] 


11. Population Growth. The population of Newcastle grew 
12% from one year to the next to a total of 179,200. What 
was the former population? [1.3a] 


12. Moving Walkway. A moving walkway in an airport is 
360 ft long and moves at a speed of 6 ft/sec. If Arnie 
walks at a speed of 3 ft/sec, how long will it take him to 
walk the length of the moving walkway? [1.3b] 


Write interval notation for the given set or graph. 
13. {x|-8 = x < 9} 


[1.4b] 


14. 


—80 -60 -40 -20 0 20 40 60 80 


Solve and graph. Write interval notation for the solution set. 
[1.4c] 


15.x-2= -4 


16.x+5>6 


Solve. [1.4c] 

17a+7s5-14 18 y-—5=-12 

19. 4y > —16 20. —0.3y < 9 

21. -6x —-5 < 13 22. 4y + 3 < -6y-9 
23. —$x-—G>5-4x 24. 0.3y — 8 < 2.6y + 15 


25. —2(x — 5) = 6(x + 7)-12 


26. Moving Costs. Metro Movers charges $85 plus $40 
an hour to move households across town. Cham- 
pion Moving charges $60 an hour for cross-town 
moves. For what lengths of time is Champion more 
expensive? [1.4d] 


27. Investments. Joe plans to invest $30,000, part at 
3% and part at 4%, for one year. What is the most that 
can be invested at 3% in order to make at least $1100 
interest in one year? [1.4d] 
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Graph and write interval notation. [1.5a, b] 
28. -2=x<5 


30. Find the intersection: [1.5a] 
{1,2,5, 6,9} 9 {1,3,5, 9}. 


31. Find the union: [1.5b] 
{1, 2,5, 6,9} U {1,3,5, 9}. 


Solve. [1.5a, b] 
32. 2x — 5 < —7and3x+8= 14 


33.-4<x+3s55 
34. -15 < -4x-5<0 
35. 3x < —9or—5x < —5 


36. 2x + 5 < —-170r—-4x + 10 S 34 


37. 2x+ 75 -5orx+7215 


Simplify. [1.6a] 


3 


12 
38. | = 3 39. if 
x 


—3y? 


20. | 


41. Find the distance between —23 and 39. [1.6b] 


Solve. [1.6c, d] 


42. |x| = 6 43. |x — 2| = 7 


1. Explain in your own words why the inequality symbol 
must be reversed when both sides of an inequality are 
multiplied or divided by a negative number. [1.4c] 


2. Explain in your own words why the solutions of the 
inequality |x + 5| = 2 can be interpreted as “all 
those numbers x whose distance from —5 is at most 
2 units.” [1.6e] 


3. Describe the circumstances under which, for intervals, 
[a,b] U[c,d] = [ad]. [1.5b] 


4. Explain in your own words why the interval [6, 00) is 
only part of the solution set of |x| = 6. [1.6e] 


Understanding Through Discussion and Writing 


44, |2x + 5| = |x — 9| 45. |5x + 6| = —8 
Solve. [1.6e] 

46. |2x + 5| < 12 47. |x| = 3.5 

48. |3x — 4| = 15 49. |x| < 0 


Greenhouse Gases. The equation 
G = 0.506¢ + 18.3 


is used to estimate global carbon dioxide emissions, in 
billions of metric tons, t years after 1980—that is, t = 0 
corresponds to 1980, t = 20 corresponds to 2000, and so on. 
Use this equation in Exercises 50 and 51. 

Source: U.S. Department of Energy 


50. Estimate global carbon dioxide emissions in 2010. 
[1.2a], [1.3a] 


A. 23.36 billion metric tons 
B. 33.48 billion metric tons 
C. 38.54 billion metric tons 
D. 1035.4 billion metric tons 


51. For what years are global carbon dioxide emissions 

predicted to be between 35 and 40 billion metric 
tons? [1.5c] 
A. Between 2013 and 2023 
B. Between 2011 and 2025 
C. Between 2020 and 2025 
D. Years after 2025 


Synthesis 
52. Solve: |2x + 5| < |x + 3]. [1.6d, e] 


5. Find the error or errors in each of the following steps: 
[1.4c] 


7 — 9x + 6x < —9(x + 2) + 10x 
9x + 6x < —9x + 2 + 10x (1) 
7+ 6x >2+ 10x (2) 
—4x > 8 (3) 
x > -2., (4) 


6. Explain why the conjunction 3 < xandx < 5 is equiva- 
lent to3 < x < 5, but the disjunction3 < xorx < 5is 
not. [1.5a, b] 
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CHAPTER 


For Extra Help 


Test & > Ta st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
1 0) Fest rrep on vp, in MyMathLab _ and on You (search “BittingerInterAlgPB” and click on “Channels”). 
Solve. 

Lo 75 228 3 -. — 

4. 3y -4=8 by Leavy = Ohl = Ail = O37 (Gee ae (O)) = (9 = (Gear 3) 


7. Solve A = 3B — C forB. 


Solve. 


9. Room Dimensions. Arectangular room has a 
perimeter of 48 ft. The width is two-thirds of the length. 
What are the dimensions of the room? 


11. Population Decrease. The population of Baytown 
dropped 12% from one year to the next to a total of 
158,400. What was the former population? 


10. 


12. Angles in a Triangle. 


8. Solve m = n — nt forn. 


Copy Budget. Copy Solutions rents a copier for $240 
per month plus 1.5¢ per copy. A law firm needs to lease a 
copy machine for use during a special case that they an- 
ticipate will take 3 months. If they allot a budget of $1500 
for copying costs, how many copies can they make? 


The measures of the angles of a 
triangle are three consecutive integers. Find the 
measures of the angles. 


13. Boating. A paddleboat moves at a rate of 12 mph in still water. If the river's current moves at a rate of 3 mph, how long will 


it take the boat to travel 36 mi downstream? 36 mi upstream? 


Write interval notation for the given set or graph. 


14, {x|-3 <x <2} 15. 
=§ =) === WM Wt 2 sh a oe 
Solve and graph. Write interval notation for the solution set. 
loc -2=4 17. -4y -3=5 
le ee an ae <I HH HH 
-6-5-4-3-2-1 0123 4 5 6 -6-5-4-3-2-1 0 12 3 4 5 6 
Solve. 
16.4 4=6 19. —0.6y < 30 
20. 3a — 5 = —2a+ 6 Flo =) = 1 2 =O ar Ss) 
220 4(5 = 4) = 2x45 o 23. —8(2x + 3) + 6(4 — 5x) = 2(1 — 7x) — 4(4 + 6x) 
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Solve. 


24. Moving Costs. Mitchell Moving Company charges $105 
plus $30 an hour to move households across town. 
Quick-Pak Moving charges $80 an hour for cross-town 
moves. For what lengths of time is Quick-Pak more 
expensive? 


Graph and write interval notation. 
26. —3 = x4 =4 


Solve. 
28.5 — 2x Ss land3x +2214 


st0h =JDl  =f35 = 2 =< (0) 


32,4 > 75 


5orx-—7=-10 


Simplify. 


x 


36. Find the distance between 4.8 and —3.6. 


37. Find the intersection: 
{1,3,5, 7, 9} M {3, 5, 11, 13}. 


Solve. 
S90 — 9 40. |x — 3| =9 
43. |4x — 1| < 4.5 44, |x| > 3 


47. The solution of 2(3x 
of the following? 
A. Less than 0 
C. Between 1 and3 


6) + 5 = 1— (x — 6) is which 


B. Between 0 and 1 
D. Greater than 3 


Synthesis 


Solve. 
48. |3x — 4| = -3 
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Solving Linear Equations and Inequalities 


25. 


27. 


29. 


31. 


33. 


35. 


38. 


41. 


45. 


Pressure at Sea Depth. The equation 
d 
P=l+— 
33 


gives the pressure P, in atmospheres (atm), at a depth of 
d feet in the sea. For what depths d is the pressure at least 
2 atm and at most 8 atm? 


x< —-30rx>A4 


=3 <= 2s al 


—3x > 120r4x > -10 


B= 2 <= Vor — 2 > a! 


—6x2 
3x 


Find the union: 
{1,3, 5,7, 9} U {3, 5, 11, 13}. 


|x + 10] 


|x — 12| 42, |2 — 5x| = -10 


IA 


aS 15 46. |-5x — 3| = 10 


7 


NG) Woe <& {3} = she <= ar 755 


Copyright © 2011 Pearson Education, Inc. 


CHAPTER 


Graphs, Functions, 
and Applications 


2.1 Graphs of Equations 

2.2 Functions and Graphs 

2.3 Finding Domain and Range 

MID-CHAPTER REVIEW 

2.4 Linear Functions: Graphs 
and Slope 

2.5 More on Graphing 
Linear Equations 

VISUALIZING FOR SUCCESS 

2.6 Finding Equations of Lines; 
Applications 

SUMMARY AND REVIEW 

TEST 

CUMULATIVE REVIEW 


Real-World Application 
Amelia’s Beads offers a class in designing necklaces. For a necklace made of 6-mm 
beads, 4.23 beads per inch are needed. The cost of a necklace made of 6-mm 
gemstone beads that sell for 40¢ each is $7 for the clasp and the crimps and approxi- 
mately $1.70 per inch. Formulate a linear function that models the total cost ofa 
necklace C(m), where nis the length of the necklace, in inches. Then graph the model 
and use the model to determine the cost of a 30-in. necklace. 


This problem appears as Example 6 in Section 2.6. 
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SKILL TO REVIEW 
Objective 1.1: Determine whether 
a given number is a solution of 

a given equation. 


Determine whether the given 
number is a solution of the given 
equation. 


1.5; —5(2 — y) = —15 
2. —7; 2x — 6 = —20 


> 
_. First 
- axis 


Answers 


Skill to Review: 
1. No 2. Yes 
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Graphs display information in a compact way and can provide a visual 
approach to problem solving. We often see graphs in newspapers and maga- 
zines. Examples of bar, circle, and line graphs are shown below. 


«,epartment 


source: 


Key Components in Determining FICO Credit Scores 


Amounts 
owed 
30% 


Payment 
history 
35% 


New 

credit Length of 

10% Types of credit history 
credit used 15% 


10% 


SOURCE: Farmers Market 


(a) Plotting Ordered Pairs 


We have already learned to graph numbers and inequalities in one variable 
on a line. To graph an equation that contains two variables, we graph pairs of 
numbers on a plane. 

On the number line, each point is the graph of a number. On a plane, 
each point is the graph of a number pair. To locate points on a plane, we use 
two perpendicular number lines called axes. They cross at a point called the 
origin. The arrows show the positive directions on the axes. Consider the 
ordered pair (2,3). The numbers in an ordered pair are called coordinates. 
In (2,3), the first coordinate is 2 and the second coordinate is 3. (The first 
coordinate is sometimes called the abscissa and the second the ordinate.) To 
plot (2,3), we start at the origin and move 2 units in the positive horizontal 
direction (2 units to the right). Then we move 3 units in the positive vertical 
direction (3 units up) and make a dot. 

The point (3, 2), is also plotted in the figure. Note that (3, 2) and (2, 3) are 
different points. The order of the numbers in the pair is indeed important. 
They are called ordered pairs because it makes a difference which number is 
listed first. 


Graphs, Functions, and Applications 


The coordinates of the origin are (0,0). In general, the first axis is called 
the x-axis and the second axis is called the y-axis. We call this the Cartesian 
coordinate system in honor of the great French mathematician and philoso- 
pher René Descartes (1596-1650). 


EXAMPLE 1 Plot the points (—4, 3), (—5, —3), (0,4), and (2.5, 0). 


To plot (—4, 3), we note that the first number, —4, tells us the distance in 
the first, or horizontal, direction. We move 4 units in the negative direction, 
left. The second number tells us the distance in the second, or vertical, direc- 
tion. We move 3 units in the positive direction, up. The point (—4, 3) is then 
marked, or plotted. 

The points (—5, —3), (0,4), and (2.5, 0) are plotted in the same manner. 


Second axis 


YA 
(0, 4) 
(—4, 3) 
3 units 4.4 units 5 
up : left 


I ‘i é 
ee ee 12345 > First axis 
—2 

@(—5, —3)--3 
~4 

—5 


} 


Do Exercises 1-10. 


Quadrants 


The axes divide the plane into four regions called quadrants, denoted by 
Roman numerals and numbered counterclockwise starting at the upper right. 
In region I (the first quadrant), both coordinates of a point are positive. In 
region II (the second quadrant), the first coordinate is negative and the sec- 
ond coordinate is positive. In the third quadrant, both coordinates are nega- 
tive, and in the fourth quadrant, the first coordinate is positive and the 
second coordinate is negative. 


yy, 
(-4, oS) si... & 5), 
4 
II 3 I 
Second First (+, +) 
quadrant 7 quadrant 
(=) 1 
40.0) (4) 
—b-4-3 2-1] 12 34 8 x 
—2 
Tl Z IV 
(-6,—4): Third Fourth (+, —) 
°° quadrant 4 quadrant 
(=.=) 59 e 
: (0, —5) (6, 5) 


Points with one or more 0’s as coordinates, such as (0, —5), (4,0), and 
(0, 0) are on axes and not in quadrants. 


| Do Exercises 11 and 12. 


Plot each point on the plane below. 


1. (6,4) 2. (4, 6) 
3. (-3, 5) 4. (5, —3) 
5. (—4, -3) 6. (4, -2) 
7. (0,3) 8. (3, 0) 
9. (0, -4) 10. (—4, 0) 


11. What can you say about the 
coordinates of a point in the 
third quadrant? 


12. What can you say about the 
coordinates of a point in the 
fourth quadrant? 


Answers 
1.-10. Second 


(4, —2)"" First 
(5, —3)¢- axis 


11. Both negative 
12. First positive, second negative 
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13. Determine whether (2, —4) isa 
solution of 5b — 3a = 34. 


14. Determine whether (2, —4) isa 
solution of 7p + 5q = —6. 


SMALL STEPS LEAD TO 
GREAT SUCCESS 


What is your long-term goal 

for getting an education? How 
does math help you to attain that 
goal? As you begin this course, 
approach each short-term task, 
such as going to class, asking 
questions, using your time wisely, 
and doing your homework, as part 
of the framework of your long- 
term goal. 


15. Use the line in Example 3 to find 
at least two more points that are 
solutions. 


Answers 


13. No 14. Yes 
15. (—6, 4), (—2, 2); answers may vary 


(b) Solutions of Equations 


If an equation has two variables, its solutions are pairs of numbers. When 
such a solution is written as an ordered pair, the first number listed in the pair 
generally replaces the variable that occurs first alphabetically. 


EXAMPLE 2 _ Determine whether each of the following pairs is a solution 
of 5b — 3a = 34: (2,8) and (—1,6). 

For the pair (2, 8), we substitute 2 for a and 8 for b (alphabetical order of 
variables): 


5b — 3a = 34 
5+8—3-2 2 34 
40-6 
34 TRUE 


Thus, (2, 8) is a solution of the equation. 
For (—1, 6), we substitute —1 for a and 6 for b: 


5b — 3a = 34 
5-6—3-(-1) ? 34 
30+ 3 
33 FALSE 
Thus, (—1, 6) is nota solution of the equation. ) 


Do Exercises 13 and 14. 


' EXAMPLE 3 Showthat the pairs (—4, 3), (0, 1), and (4, —1) are solutions 


ofy=1- 5X. Then plot the three points and use them to help determine 
another pair that is a solution. 

We replace x with the first coordinate and y with the second coordinate 
of each pair: 


y=1—3x y=1—3x yal son 
a =) ————— ——— 
321-}3-(-4) 1?1- 5+ (0) =1?1- 3-(4) 
1+2 1-0 1-2 
3 TRUE 1 TRUE =, TRUE 


In each case, the substitution results in a true equation. Thus all the pairs are 
solutions of the equation. 

We plot the points as shown at right. y 
Note that the three points appear to “line 


up.” That is, they appear to be ona : 
straight line. We use a ruler and drawa 3 
line passing through (—4, 3), (0, 1), and 2 
(4, -1). 
The line appears to pass through (2, 0) =5-4-3-2-1 ,| 1 2 x 
as well. Let’s see if this pair is a solution of 2 
y=1-3 3x: 3 y=1-4x 
1 —4 
Yri~ 9% -5 
021-3: (2) 
a econ 
0 TRUE 
We see that (2, 0) is another solution of the equation. ) 


Do Exercise 15. 
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Example 3 leads us to believe that any point on the line that 
passes through (—4, 3), (0,1), and (4, —1) represents a solution of Graph. 
y = 1 — 3x. In fact, every solution of y = 1 — 3x is represented by a 
point on that line and every point on that line represents a solution. 
The line is said to be the graph of the equation. 


GRAPH OF AN EQUATION 


The graph of an equation is a drawing that represents all its 
solutions. 


(c) Graphs of Linear Equations 


Equations like y = 1 — 5x and 2x + 3y = 6 are said to be linear be- 
cause the graph of their solutions is a line. In general, a linear equa- 
tion is any equation equivalent to one of the form y = mx + bor 
Ax + By = C, where m, b, A, B, and C are constants (that is, they are 
numbers, not variables) and A and B are not both 0. 


EXAMPLE 4 Graph: y = 2x. 


We find some ordered pairs that are solutions. This time we list the 
pairs in a table. To find an ordered pair, we can choose any number for 
x and then determine y. For example, if we choose 3 for x, then 
y = 2-3 = 6 (substituting into the equation y = 2x). We choose some 
negative values for x, as well as some positive ones. Ifa number takes 
us off the graph paper, we generally do not use it. Next, we plot these 
points. If we plotted many such points, they would appear to make a 
solid line. We draw the line with a ruler and label it y = 2x. 


WNnNwWwrOoO 
ne DM CO 


— 


Choose any x. 
Compute y. —— 
Form the pair. 
Plot the points. 


Answers 
16. 


To graph a linear equation: 


1. Select a value for one variable and calculate the corresponding 
value of the other variable. Form an ordered pair using alphabeti- 
cal order as indicated by the variables. 


17. 


2. Repeat step (1) to obtain at least two other ordered pairs. Two 
ordered pairs are essential. A third serves as a check. 

3. Plot the ordered pairs and draw a straight line passing through 
the points. 


Do Exercises 16 and 17. 
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( Calculator Corner 


Finding Solutions of Equations A table of values representing ordered pairs that are solutions of an equation 
can be displayed on a graphing calculator. To do this for the equation in Example 4, y = 2x, we first press y= ) to access the 
equation-editor screen. Then we clear any equations that are present. (See the Calculator Corner on p. 83 for the procedure for doing 
this.) Next, we enter the equation by positioning the cursor beside “Yl =" and pressing 2) Gy. Now we press GUY Gasser to 
display the table set-up screen. (TBLSET is the second function associated with the key.) You can choose to supply the 
x-values yourself or you can set the calculator to supply them. To supply them yourself, follow the procedure for selecting ASK mode 
on p. 83. To have the calculator supply the x-values, set “Indpnt” to “Auto” by positioning the cursor over “Auto” and pressing Gag. 
“Depend” should also be set to “Auto.” 

When “Indpnt” is set to “Auto,” the graphing calculator will supply values of x, beginning with the value specified as TBLSTART 
and continuing by adding the value of ATBL to the preceding value for x. Below, we show a table of values that starts with x = —2 
and adds 1 to the preceding x-value. We move to TBLSTART and press Y ZOCG) of &) @) GD OC bo select a minimum 
x-value of —2 and an increment of 1. To display the table, we press Gy Gae=D. (TABLE is the second operation associated with the 
key.) If we are in AUTO mode, we can use the ©) and © keys to scroll up and down through the table to see other solutions 
of the equation. 


TABLE SETUP 
TblStart=—2 
ATbI=1 

Indpnt: Ask 
Depend: EXWig}) Ask 


Exercises: Create a table of ordered pairs that are solutions of the equation. 
1. Example 5 
2. Example 7 


) EXAMPLE 5. Graph: y = —3x + 3. 
By choosing even integers for x, we can avoid fraction values 
when calculating y. For example, if we choose 4 for x, we get 


y=-3x+3=-4(4)+3=-24+3=1. 


18. Graph: y = 2x + 3. 


When x is —6, we get 
y=-3x+3=-3(-6)+3=3+3=6, 


and when x is 0, we get 


y=-$x+3=-3(0)+3=0+3=3. 


Answer 
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We list the results in a table. Then we plot the points corresponding 
to each pair. 


1 
19. Graph: y = ao 3. 


Note that the three points line up. If they did not, we would know 
that we had made a mistake. When only two points are plotted, an er- 
ror is harder to detect. We use a ruler or other straightedge to drawa 
line through the points and then aia the graph. Every point on the 20. Graph: 4y — 3x = —8. 
line represents a solution ofy = —5x + 3. 4 


Do Exercises 18 and 19. (Exercise 18 is on the preceding page.) 


Calculating ordered pairs is usually easiest when y is isolated on one side 
of the equation, asin y = 2xandy = — 5x + 3. To graph an equation in which 
y is not isolated, we can use the addition principle and the multiplication 
principle to first solve for y. (See Sections 1.1 and 1.2.) 


\ EXAMPLE 6 Graph: 3x + 5y = 10. 
We first solve for y: 


3x + Sy = 10 
3x + 5y — 3x = 10 — 3x Subtracting 3x 
sy = 10 — 3x Simplifying 
2 “Sy = i - (10 — 3x) Multiplying by 4, or dividing by 5 
y=4-(10) —+-(3x) Using the distributive law 


y=2-2x,ory=—2x + 2, 


Thus the equation 3x + 5y = 10 is equivalent to y = —3x + 2. We now find 
three ordered pairs, using multiples of 5 for x to avoid fractions. 


Answers 


We plot the points, draw the line, and label the graph as shown. ) 


Do Exercises 20 and 21. 
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STUDY TIPS (d) Graphing Nonlinear Equations 


QUIZ-TEST FOLLOW-UP We have seen that equations whose graphs are straight lines are called linear. 
You may have just taken a chapter There are many equations whose graphs are not straight lines. Here are some 
quiz or test. Immediately after examples. 


each chapter quiz or test, write out 

a step-by-step solution of each 

question that you missed. Ask 

your instructor or tutor for help 

with problems that are still giving 

you trouble. When the week of the 

final examination arrives, you will -10 -5 
be glad to have the excellent study 

guide that these corrected tests 

provide. 


y=x?-4x-3 y =x3 — 2x? -4x +2 


Let’s graph some of these nonlinear equations. We usually need to plot 
more than three points in order to get a good idea of the shape of the graph. 


) EXAMPLE 7 Graph: y = x? — 5. 
We select numbers for x and find the corresponding values for y. For 
example, if we choose —2 for x, we get y = (—2)*-5 = 4-5 = —1. The 
table lists several ordered pairs. 


22. Graph: y = 4 — x?. 
0 | -s 
0 =] —4 
1 —4 
il —2 =L 
2 -1 
=i —3 4 
3 4 
2 \ ) 
—/) 
3 j ; 
Next, we plot the points. The more points we plot, the more clearly we 
=3 see the shape of the graph. Since the value of x? — 5 grows rapidly as x moves 
\ ) away from the origin, the graph rises steeply on either side of the y-axis. 
J 
Do Exercise 22. | 
Answer 
22. (xy) y) 
0 
1 
=1 
2 
—2 
3 
=3" || =9 
a 
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' EXAMPLE 8 Graph: y = 1/x. 


We select x-values and find the corresponding y-values. The table lists the 
ordered pairs (3, 4), (2, 3), (1, 1), and so on. 


B 
ie 


2, 
23. Graph: y = = 


IPnRin Re me w 
DN RRR we 


| 
i.) 


| 
NR rw 
| 


| 
ow 
| 
WIE IR 


| 
| 


We plot these points, noting that each first coordinate is paired with its 
reciprocal. Since 1/0 is undefined, we cannot use 0 as a first coordinate. 
Thus there are two “branches” to this graph—one on each side of the y-axis. 
Note that for x-values far to the right or far to the left of 0, the graph 
approaches, but does not touch, the x-axis; and for x-values close to 0, the 
graph approaches, but does not touch, the y-axis. 


Do Exercise 23. 


) EXAMPLE 9 Graph: y = |x|. 


We select numbers for x and find the corresponding values for y. For 
example, if we choose —1 for x, we get y = |—1| = 1. Several ordered pairs are 
listed in the table below. 


24. Graph: y = 4 — |x]. 


=3 3 
-2 | 2 
Si ||. 1 0 
0 0 
1 1 StS all 2 a4 Se 2 | 
2 2 9 (0, 0) 
3 3 =! | 
<—___ | 
a8 
We plot these points, noting that the absolute value of a positive number = | 
is the same as the absolute value of its opposite. Thus the x-values 3 and —3 
both are paired with the y-value 3. Note that the graph is V-shaped and cen- & | 
tered at the origin. ) 
— 5 
Do Exercise 24. ee 


With equations like y = —}x + 3,y = x* — 5,andy = |x|, which we have 
graphed in this section, it is understood that y is the dependent variable and x 
is the independent variable, since y is expressed in terms of x and conse- 
quently y is calculated after first choosing x. 


Answers 


Answers to Exercises 23 and 24 are on p. 168. 
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Answers 
Calculator Corner 


24. (aa ly ) sy 
i 4 = Graphing Equations Equations must be solved for y before they 
al can be graphed on the TI-84 Plus. Consider the equation 3x + 2y = 6. Solving for y, 
we enter y; = (6 — 3x)/2 as described on p. 83. Then we select a window and press 
Sel: © to see the graph of the equation. (Press ©) to see the graph in the 
4] 0 standard window as shown on the right below.) 
-4| 0 
y= (6 — 3x)/2 
5 | -1 10 
= 4 Ploti Plot2 Plot3 
5 wa (6—3X)/2 
\Y5 = 
\Y6 = 


Exercises: Graph each equation in the standard viewing window [ —10, 10, —10, 10], 
with Xscl = 1and Yscl = 1. 


ly=2x-1 2.3x+y=2 
3. y = 5x —- 3 4.y=-4x+5 
5.y =4x-3 6.y=-3x+4 
7. y = 3.104x — 6.21 8. 2.98x + y = -1.75 
XN 7 


For Extra Help — 
Mathéy> [x G a of) 


[| _< 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Plot the following points. 


1. A(4, 1), B(2, 5), C(0, 3), D(0, —5), E(6, 0), F(—3, 0), 2. A(—3, —5), B(1,3), C(0, 7), D(0, —2), E(5, 0), F(—4, 0), 
G(—2, —4), H(—5, 1), J(—6, 6) G(1, -7), H(-6, 4), J(—3, 3) 
Second Second 
axis aN axis 
6 6 
5 5 
4 4 
3 3 
2 2 
1 1 g 
-6-5-4-3-2-1 123 45 6 4 -6-5-4-3-2-1 123 456 a 5 
—] Irst aan First = 
= axis ¥ axis E 
—3 —3 e 
-4 -4 5 
—5 5 & 
—6 —6 s 
° 
Bh 
Ss) 


168 CHAPTER 2_ Graphs, Functions, and Applications 


3. Plot the points M(2, 3), N(5, —3), and P(—2, —3). Draw 4. Plot the points Q(—4, 3), R(5, 3), S(2, —1), and T(—7, -1). 


MN, NP, and MP. (MN means the line segment from M Draw QR, RS, ST, and TQ. What kind of figure is formed? 
to N.) What kind of geometric figure is formed? What is What is its area? 
its area? 
Second 
Second axis 
axis A 
6 
6 5 
5 4 
4 3 
3 2 
2 1 
1 


-6-5-4-3-2-1 123 4 5 6 


Ss 1 First 
~6-5-4-3-2-1 | 12.3.4 5 6 | First - axis 
_9 axis = 
3 —4 
—4 —5 
—5 —6 
-6 
f 
(b) Determine whether the given point is a solution of the equation. 
5. (1,-1); y= 2x - 3 6. (3,4); t= 4 — 3s 7. (3,5); 4x —-y=7 
3 
8. (2,-1); 4r+ 3s =5 9.( 0,5]; 2a+ 5b=7 10. (—5, 1); 2p — 3q = -13 


In Exercises 11-16, an equation and two ordered pairs are given. Show that each pair is a solution of the equation. Then graph 
the equation and use the graph to determine another solution. Answers for solutions may vary, but the graphs do not. 


ll. y= 4— x; (-1,5), (3,1) 12. y = x — 3; (5,2), (—1, -4) 13. 3x + y = 7; (2,1), (4,—5) 
VA VA y. 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > > 
574737271) 123 45 x 574737271) 123 45 x 2574737271) 12345 x 
19 —2 2 
i3 —3 o3 
—4 -4 —4 
L5 —5 5 
14. y = xe + 3; (4,5), (—2,2) 15. 6x — 3y = 3; (1,1),(-1,-3) 16. 4x — 2y = 10; (0,—5), (4,3) 
are VA YA 
5 5 
5 4 4 
4 3 3 
3 2 2 
2 1 1 
1 > 
> Sa den ce et 12345 x secs 2chy 123.4 5 x 
574737271) 123 45 x 
ay) =o, 
9 i3 =o 
ae “4 “4 
Bs -5 -5 
—5 
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\C) Graph. 
W7y=x-1 


ee ee ee ee 
YA YA y 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > 
~5-4-3-2-1,| 12345  % ~5-4-3-2-1,| 12345  % ~5-4-3-2-1, |. 1.2.3.4 5 
a) 2 v2 
13 —3 os 
iA —4 rae 
15 -5 5 
1 
ae 23.y=3-<x 24.y=x+3 
VA VA y y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 l 
> > 
~5-4-3-2-1,/ 12345  % ~5-4-3-2-1,| 12345 % ~5-4-3-2-1,[ 12345. % ~5-4-3-2-1,| 12 3.4 5 
9 —2 2 72 
13 —3 3 o3 
L4 —4 74 a4 
5 —5 5 5 
1 
25. y= 5x - 2 26. y=-x+ 2 27. y= 7x + 1 a a a 
VA VA VA y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
~5-4-3-2-1,[.12.3.4 5 x -5-4-3-2-1,| 1 2.3 4 5 a ~5-4-3-2-1,/ 12345. % ~5-4-3-2-1,| 123 4 5 
+2 Lo £2 +2 
-3 43 3 =o 
“4 LA “4 -4 
+5 £5 £5 H5 
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29.x+y=5 30.x+ y= -4 31.y=-zx-2 32. y=-=x+3 
y VA VA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
a] 1 1 1 
~5-4-3-2-1,/. 123.45 x ~5-4-3-2-1,/. 12345  % ~5-4-3-2-1,| 1.2.3 4.5 : -5-4-3-2-1,| 1 2.3 4 5 
-2 -2 LD =) 
-3 -3 43 13 
“4 4 “4 4 
£5 £5 -5 is 
ik 
33. x + 2y = 8 34, x + 2y = -6 35.y= 7x41 ch aia 
VA VA VA y 
5 5 5 25 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 if 
> > 
~5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345. % ~5-4-3-2-1,| 12345  % ~5-4-3-2-1,| 1.2.3.4 5 
~2 42 £2 -2 
+3 43 43 =) 
“4 “4 -4 L4 
5 “5 5 5 
37. By + 2x = 4 38. 6x — 3y = —-9 39. 8y + 2x = —4 40. 6y + 2x = 8 
VA VA VA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 l it 
> > > 
~5-4-3-2-1, | 1.2.3.4.5 % ~5-4-3-2-1,/ 12345  % ~5-4-3-2-1,| 12345  % —5-4-3-2-1,| 1.2.3.4 5 
+2 ~2 22 +2 
33 33 43 43 
-4 -4 -4 “4 
45 5 5 -5 
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Pr 
(dp) Graph. 


4l. y= x? 


42. y = —x? 
(Hint: —x2 = -1- x2.) 


44,y=3-— x? 


a a a es ee es ee 
YA ZN y ZN 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
-5-4-3-2-1| 12 3 4 5 ~5-4-3-2-1)| 12 3 4 5 -5-4-3-2-1,[ 123.45 % -5-4-3-2-1,| 12345 Xx 
+2 +2 -2 -2 
+3 -3 -3 +3 
+4 +4 -4 “4 
45 +5 “5 +5 
2 2 1 3 
45.y=x°-3 46. y = x° — 3x 47. y= -— 48. y = — 
x x 
ZN YA ZN YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
~5-4-3-2-1)| 12 3 4 5 -5-4-3-2-1,| 123.45 -5-4-3-2-1,| 12345  % -5-4-3-2-1,[ 12345 % 
+2 +2 +2 +2 
-3 +3 -3 +3 
“4 “4 “4 “4 
+5 +5 +5 +5 
49. y= |x - 2| 50. y = |x| + 2 5l.y = x3 52.y=x3-2 
VA YA ZN VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
~5-4-3-2-1,[ 12.3.4 5 ~5-4-3-2-1,/ 123.45 ~5-4-3-2-1,| 12345 x ~5-4-3-2-1,/ 12345 % 
+2 +2 +2 +2 
-3 +3 +3 -3 
-4 -4 “4 “4 
-5 £5 +5 -5 
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Skill Maintenance 


Solve. [1.5a, b] 


53. -3 < 2x-5=10 54. 2x —5 = -10or 


—-4x -—-2< 10 


Solve. [1.3a] 


57. Waiting Lists for Organ Transplants. In the fall of 2008, 
there were more than 100,000 people on waiting lists for 
organ transplants. There were 94,018 people waiting for 
a kidney or a liver, and 62,322 fewer were waiting for a 
liver than for a kidney. How many were on the waiting 
list for a kidney? for a liver? 

Source: Organ Procurement and Transplantation Network 


59. Taxi Fare. The fare for a taxi ride from Jen’s office to 
the South Bay Health Center is $19.85. The driver 
charges $2.00 for the first } mi and $1.05 for each 
additional + mi. How far is it from North Shore Drive to 
the South Bay Health Center? 


Synthesis 


A 
[—10, 10, —10, 10], with Xscl = 1 and Yscl = 1. 


55. 3x —5 = -l2or 
3x.=5 = 12 


56. -13 < 3x +5 < 23 


58. Landscaping. Grass seed is being spread on a triangular 
traffic island. If the grass seed can cover an area of 200 ft? 
and the island’s base is 16 ft long, how tall a triangle can 
the seed fill? 


60. Real Estate Commission. The Clines negotiated the 
following real estate commission on the selling price of 
their house: 


7% for the first $100,000 and 
4% for the amount that exceeds $100,000. 


The realtor received a commission of $16,200 for selling 
the house. What was the selling price? 


El Usea graphing calculator to graph each of the equations in Exercises 61-64. Use a standard viewing window of 


1 1 
6l.y=x3-3x+2 62. y= x — |x| 63. y = —— 64. y= — 
x-2 Sa 
In Exercises 65-68, find an equation for the given graph. 
66. y 67. Dp 68. r 

5 

4 

3 

2 

1 

—5-4-3-2-1 12345 
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SKILL TO REVIEW 
Objective R.4b: Evaluate an 
algebraic expression by 
substitution. 


Evaluate. 
d: 
1. 4 when x = 40 


2. y* — 2y + 6, wheny = -1 


Answers 


Skill to Review: 
1. —-10 20.9 


(a) Identifying Functions 


Consider the equation y = 2x — 3. If we substitute a value for x—say, 5—we 
get a value for y, 7: 


y = 2x - 3 = 2(5)-3=10-3=7. 


The equation y = 2x — 3 is an example of a function. We now develop the 
concept of a function, one of the most important concepts in mathematics. 

In much the same way that ordered pairs form correspondences between 
first and second coordinates, a function is a correspondence from one set to 
another. For example: 


To each student in a college, there corresponds his or her student ID. 
To each item in a store, there corresponds its price. 
To each real number, there corresponds the cube of that number. 


In each case, the first set is called the _ Correspondence 
domain and the second set is called the — _ 
range. Each of these correspondences is a 
function, because given a member of the 
domain, there is just one member of the 
range to which it corresponds. Given a 
student, there is just one ID. Given an item, 
there is just one price. Given a real number, 
there is just one cube. 


EXAMPLE 1 Determine whether the correspondence is a function. 


Domain Range Domain Range 
1 ———+ $107.40 3 — > 5 
f 2 ——> $ 34.10 g: 4——_> 9 
, 3 ——+ $ 29.60 5 _7 
4——_-> $ 19.60 6. 
Domain Range Domain Range 
: Cubs Cubs Pee RAL: 
eee White Sox, White Sox 7 pine? 
h: Baltimore + Orioles Orioles | ———+ Baltimore 
San Diego ———-+ Padres Padres © ——=+ San Diego 


The correspondence fis a function because each member of the domain 
is matched to only one member of the range. 

The correspondence g is a function because each member of the domain 
is matched to only one member of the range. Note that a function allows two 
or more members of the domain to correspond to the same member of the 
range. 

The correspondence h is not a function because one member of the 
domain, Chicago, is matched to more than one member of the range. 

The correspondence p is a function because each member of the domain 
is matched to only one member of the range. 
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FUNCTION; DOMAIN; RANGE 


A function is a correspondence between a first set, called the domain, 
and a second set, called the range, such that each member of the 
domain corresponds to exactly one member of the range. 


Do Exercises 1-4. 


' EXAMPLE 2 _ Determine whether each correspondence is a function. 


Domain 
a) The integers 


b) The set of all states 


c) The set of 
U.S. Senators 


Correspondence 
Each number’s square 


Each state’s members 
of the U.S. Senate 


The state that a 
Senator represents 


Range 

A set of nonnegative 
integers 

The set of 

U.S. Senators 


The set of all states 


a) The correspondence is a function because each integer has only one 


square. 


b) The correspondence is not a function because each state has two U.S. 


Senators. 


Richard Burr 


Kay R. Hagan 


c) The correspondence is a function because each Senator represents only 


one state. 


| Do Exercises 5-7. (Exercise 7 is on the following page.) 


When a correspondence between two sets is not a function, it is still an 


example of a relation. 


A relation is a correspondence between a first set, called the domain, 
and a second set, called the range, such that each member of the 
domain corresponds to at least one member of the range. 


Determine whether each 
correspondence is a function. 
1. Domain Range 
Cheetah —> 70 mph 
Human —> 28 mph 
Lion —> 50 mph 
Chicken —> 9 mph 


2. Domain Range 

A —>a 

B b 

C Cc 

D d 
e 


3. Domain Range 


4. Domain Range 


23 
eee 5 
-3 


0—— _ 0 


Determine whether each 
correspondence is a function. 
5. Domain 
A set of numbers 
Correspondence 
Square each number and 
subtract 10. 
Range 
A set of numbers 


6. Domain 
Aset of polygons 
Correspondence 
Find the perimeter of each 
polygon. 
Range 
A set of numbers 


Answers 


1. Yes 2. No 3. Yes 
4. No 5. Yes 6. Yes 


2.2 Functions and Graphs 175 


7. Determine whether the 
correspondence is a function. 
Domain 
A set of numbers 
Correspondence 
The area of a rectangle 
Range 
A set of rectangles 


f STUDY 


ASKING QUESTIONS 


Dont be afraid to ask questions 

in class. Most instructors welcome 
this and encourage students to ask 
them. Other students probably 
have the same questions you do. 


Answer 
7. No 


Thus, although the correspondences of Examples 1 and 2 are not all 
functions, they are all relations. A function is a special type of relation—one 
in which each member of the domain is paired with exactly one member of 
the range. 


(b) Finding Function Values 


Most functions considered in mathematics are described by equations like 
y = 2x + 30ry = 4 — x*. We graph the function y = 2x + 3 by first perform- 
ing calculations like the following: 


forx = 4,y = 2x+3=2-44+3=84+3= 11; 
forx = —5,y = 2x+3=2-(-5)+3=-10+3=~—7; 
forx = 0,y= 2x +3=2-0+3=0+3=3; andsoon. 


For y = 2x + 3, the inputs (members of the domain) are values of x sub- 
stituted into the equation. The outputs (members of the range) are the result- 
ing values of y. If we call the function f, we can use x to represent an arbitrary 
input and f(x)—read “fof x,” or “fat x,” or “the value of fat x”—to represent 
the corresponding output. In this notation, the function given by y = 2x + 3 
is written as f(x) = 2x + 3 and the calculations above can be written more 
concisely as follows: 


y=f(4) =2-443=8+3=11; 
y=fi 5) =2-(-5)+3= 10 + 3 = -7; 
y=f(0)=2-0+3=0+3=3; andsoon. 


Thus instead of writing “when x = 4, the value of y is 11,” we can simply write 
“f(4) = 11,” which can also be read as “f of 4 is 11” or “for the input 4, the out- 
put of fis 11.” 

We can think of a function as a machine. Think of f(4) = 11 as putting 4, 
a member of the domain (an input), into the machine. The machine knows 
the correspondence f(x) = 2x + 3, multiplies 4 by 2 and adds 3, and pro- 
duces 11, a member of the range (the output). 


F(x) = 2x+3 


Outputs: f(4) = 11 


The notation f(x) does not mean “ftimes x” and should not be read that way. 


Caution! 


|’ EXAMPLE 3 A function fis given by f(x) = 3x* — 2x + 8. Find each of 
the indicated function values. 
a) f(0) b) f(1) c) f(-5) d) f(7a) 


One way to find function values when a formula is given is to think of the 
formula with blanks, or placeholders, replacing the variable as follows: 


fQ) =3007-20ee. 
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To find an output for a given input, we think: “Whatever goes in the blank on 
the left goes in the blank(s) on the right.” With this in mind, let’s complete the 


example. 8. Find the indicated function 

a“ ae values for the following 
a) f(0) =3-0 2:0+8=8 function: 
b) f(1)=3-2-2-1+8=3-1-2+8=3-2+8=9 fx) = 2x2 + 3x4, 
c) f(—5) = 3(-5)* — 2-(-5) + 8 =3-25+10+8=75+ 10+ 8=93 a) f(0) b) f(8) 
d) f(7a) = 3(7a)? — 2(7a) + 8 = 3 - 49a” — 14a + 8 = 147a? - 14a + 8 c) f(—5) ~~ @) f(2a) 

) 
|_Do Exercise 8. 
9. Find the indicated function 
EXAMPLE 4 Find the indicated function value. value. 
a) f(5), for f(x) = 3x +2 b) g(—2), for g(x) =7 a) f(—6), for f(x) = 5x — 3 
c) F(a + 1), for F(x) = 5x — 8 d) f(a + h), for f(x) = -2x + 1 b) g(55), for g(x) = —3 
c) F(a + 2), for 

a) f(5)=3-5+2=15+2=17 ee ae 


b) For the function given by g(x) = 7, all inputs share the same output, 7. d) fla — hh), for f(x) = x ~ 7 
Thus, g(—2) = 7. The function gis an example of a constant function. 
c) Fia+ 1) =5(a+1)-8=5a+5-8=5a—-3 


d) f(at+ h) =-2(a+ h) + 1=—-2a-2h+1 D Answers 
8. (a) —4; (b) 148; (c) 31; (d) 8a? + 6a — 4 


: 9. (a) —33; (b) —3; (©) 5a — 2; 
Do Exercise 9. (d) 6a - 6h -7 


Ee Calculator Corner 


Finding Function Values We can find function values on a graphing calculator. One method is to substitute inputs 


directly into the formula. Consider the function f(x) = x* + 3x — 4. To find f(—5), we press QOS QD ep PO 
SDDOOGB. We find that (-5) = 6. 


(~5)2 + 3(-5)-4 


After we have entered the function as y, = x2 + 3x — 4 onthe equation-editor screen, there are several other methods that we can 
use to find function values. We can use a table set in Ask mode and enter x = —5. (See p. 83.) We see that the function value, yj, is 6. We 
can also use the vALUE feature to evaluate the function. To do this, we first graph the function. Then we press Ey Care) G to access the 
VALUE feature. Next, we supply the desired x-value by pressing G») >. Finally, we press @Ggpy to see X = —5, Y = 6 at the bottom of the 
screen. Again we see that the function value is 6. Note that when the vALue feature is used to find a function value, the x-value must be in 
the viewing window. 

A fourth method for finding function values uses the TRACE feature. With the function graphed in a window that includes the 
x-value —5, we press Grace), The coordinates of the point where the blinking cursor is positioned on the graph are displayed at the bottom 
of the screen. To move the cursor to the point with x-coordinate —5, we press @) GG) GUD. Now we see X = —5,Y = 6 displayed at 
the bottom of the screen. This tells us that f((—5) = 6. The final calculator display for this method is the same as the one shown above 
for the vALUE feature. There are other ways to find function values, but we will not discuss them here. 


Exercises: Find each function value. 
1. f(—5.1), for f(x) = 3x + 2 2. f(4), for f(x) = —3.6x 
3. f(—3), for f(x) = x? +5 4. f(3), for f(x) = 4x2 +x-5 
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(¢) Graphs of Functions 


To graph a function, we find ordered pairs (x, y) or (x, f(x)), plot them, and 
connect the points. Note that y and f(x) are used interchangeably—that is, 
y = f(x)—when we are working with functions and their graphs. 


| EXAMPLE 5. Graph: f(x) = x + 2. 


A list of some function values is shown in this table. We plot the points 
and connect them. The graph is a straight line. The “y” on the vertical axis 
could also be labeled “f(x).” 


< 
> 


10. Graph: f(x) = x — 4. 


6 
5 
4 
3 (4, f(4)) 
f@=x+2 
> 
-5-4-3/2-1 162: 3! A 5 x 


. me pee? 
Jie Carsigsa (GE) So Do Exercise 10. 


| EXAMPLE 6 Graph: g(x) = 4 — x”. 


We calculate some function values, plot the corresponding points, and 
draw the curve. 


g(0) =4-07=4-0=4, 
pe(-1) =4 - (-1)? =4-1=3, 
e(2)=4-27=4-4=0, 
g(-3) = 4-—(-3)* =4-9=-5 


¥ 
g(x) 
pe 
-3 —5 ss 
—2 0 
a | 3 
0 4 
Answers l 3 i >. 
10 ya 2 0 
4 3 5 
EE 
) 


Do Exercise 11. 


11. VA 


— x2 
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) EXAMPLE 7 Graph: h(x) = |x. 


A list of some function values is shown in the following table. We plot the 
points and connect them. The graph is a V-shaped “curve” that rises on either 


side of the vertical axis. 


A 
~ 
—_ 
<a 


—3 3 
—2 2 
—l i 
0 0 
1 1 
2 2 
3 3 
ee 


(d) The Vertical-Line Test 


Consider the graph of the function f 
described by f(x) = x* — 5 shown at right. 
It is also the graph of the equation 
y=xr-5, 

To find a function value, like f(3), 
from a graph, we locate the input on 
the horizontal axis, move directly up or 
down to the graph of the function, and 
then move left or right to find the 
output on the vertical axis. Thus, 
f(3) = 4. Keep in mind that members of 
the domain are found on the horizontal 


Do Exercise 12. a 


axis, members of the range are found on the vertical axis, and the y on the 


vertical axis could also be labeled f(x). 


When one member of the domain is paired with two or more different 
members of the range, the correspondence is not a function. Thus, when a 
graph contains two or more different points with the same first coordinate, 
the graph cannot represent a function. Points sharing a common first coordi- 
nate are vertically above or below each other. (See the following graph.) This 


observation leads to the vertical-line test. 


Since 3 is paired with more 

than one member of the range, 
the graph does not represent a 
function. 


THE VERTICAL-LINE TEST 


If it is possible for a vertical line to cross a graph more than once, then 


the graph is not the graph of a function. 


XR 


12. Graph: t(x) = 3 — |x]. 


Es Calculator Corner 


Graphing Functions 
To graph a function using a graphing 
calculator, we replace the function 
notation with y and proceed as described 
in the Calculator Corner on p. 168. To 
graph f(x) = 2x* + xin the standard 
window, for example, we replace f(x) 
with y and enter y, = 2x + x onthe 
Y = screen and then press com) Ce). 


y= 2x? +x 
10 


Exercises: Graph each function. 
1. f(x) =x-4 

2. f(x) = —2x — 3 

3. h(x) = 1 —- x? 

4. f(x) = 3x% — 4x + 1 

5. f(x) = x8 

6. f(x) = |x + 3| 


Answer 
12. 


t(x)= 3 — |x| 
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| EXAMPLE 8 Determine whether each of the following is the graph of a 


function. 
a) y b) J 
| x x 
c) y d) y | 
/ \ XK Pi 


Determine whether each of the 
following is the graph of a function. a) The graph is not that of a function because a vertical line can cross the 
13, graph at more than one point. 


14, 


b 


= 


The graph is that of a function because no vertical line can cross the graph 
at more than one point. This can be confirmed with a ruler or straightedge. 


c) The graph is that of a function because no vertical line can cross the graph 


15. more than once. 


d) The graph is not that of a function because a vertical line can cross the 


graph more than once. 


16. 


CAMS 


Do Exercises 13-16. 
(e) Applications of Functions 
and Their Graphs 
Functions are often described by graphs, whether or not an equation is given. 


To use a graph in an application, we note that each point on the graph repre- 
sents a pair of values. 


Answers 
13. Yes 14. No 15. No 16. Yes 
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) EXAMPLE 9 World Population. The following graph represents the 
world population, in billions. The population is a function of the year. Note 
that no equation is given for the function. 


World population 
(in billions) 
nD 
Co 


Year 


SOURCE: U.S. Census Bureau, Population Division/ 


International Programs Center 


a) What was the world population in 1998? That is, find f(1998). 
b) What was the world population in 2008? That is, find f(2008). 


a) To estimate the world population in 1998, we locate 1998 on the horizontal 
axis and move directly up until we reach the graph. Then we move across 
to the vertical axis. We come to a point that is about 5.9, so we estimate that 
the population was about 5.9 billion in 1998. 


2 22n Nn 
oc ule a= 
A 


q g 
2 < 
5 e : 530 | 
& iS i 
- s - ! 
3° 6.0 o | 
a = 5.9~| a = | 
ae uc} | 
a & 55 = & 55 
| | 
= 50 = 50 
| Ss i 
i > ! > 
'96 '98 '00 '02 '04 '06 '08 '10 x '96 '98 '00 '02 '04 '06 ‘08 '10 x 
Year Year 


SOURCE: U.S. Census Bureau, Population Division/ 
International Programs Center 


SOURCE: U.S. Census Bureau, Population Division/ 
International Programs Center 


b) To estimate the world population in 2008, we locate 2008 on the horizontal 
axis and move directly up until we reach the graph. Then we move across 
to the vertical axis. We come to a point that is about 6.7, so we estimate that 
the population was about 6.7 billion in 2008. 


Do Exercises 17 and 18. 


'96 '98 '00 '02 '04 '06 '08 


Refer to the graph in Example 9 
for Margin Exercises 17 and 18. 


17. What was the world population 
in 2000? 


18. What was the world population 
in 20102 


Answers 


17. About 6.1 billion 
18. About 6.8 billion 
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For Extra Help 


reel Exercise Set | “ao g 
e xe rc | S e e MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
(a) Determine whether each correspondence is a function. 
1. Domain Range 2. Domain Range 3. Domain Range 4. Domain Range 
29 5-—23 =) 


5s agar; es 


——S 
19 rE a 8 


5. Domain Range 6. Domain Range 
3 LIFE EXPECTANCY 
COUNTRY (in years) 


ee 64.7 
India 73.0 


Japan 


16 ail : 78.2 
La opal 80.9 
Sweden 
. 82.6 
United States 


25 — 2 Source: CIA World Factbook, 2008 
=5 
7. Domain Range 8. Domain Range 


Florida State University 
Florida S University of Florida 

University of Miami 

Baker University 
Kansas S Kansas State University 


Colorado State University 

University of Colorado ————$ Colorado 
University of Denver 

Gonzaga University 

University of Washington ——-> Washington 


University of Kansas Washington State University 
9. Domain Range 10. Domain Range 
Austin Austin 
Houston ——$ Texas Texas Houston 
Dallas Dallas 
Cleveland Cleveland 
Toledo ——> Ohio Ohio < Toledo 
Cincinnati Cincinnati 
Domain Correspondence Range 


11. Aset of numbers The area of a triangle A set of triangles 


12. A family Each person's height, in inches A set of positive numbers 


13. A set of numbers Square each number and then add 4. A set of positive numbers 


14. A set of years A student's year of birth A first-grade class 


Copyright © 2011 Pearson Education, Inc. 
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(b) Find the function values. 


15. f(x) =x+5 


a) f(4) b) f(7) 
c) f(-3) d) f(0) 
e) f(2.4) f) f(3) 

18. f(x) = —4x 
a) f(6) b) f(-3) 
c) f(0) d) f(-1) 
e) f(3a) f) f(a—1) 


21. f(x) = 2x? -— 3x 


a) f(0) b) f(-1) 
c) f(2) d) f(10) 
e) f(—5) f) f(4a) 


24, g(t) = |t - 1| 


a) g(4) b) g(-2) 
c) g(-1) d) g(100) 
e) g(5a) f) g(a + 1) 


19. 


22. 


25. 


g(s) = 3s +4 
a) g(1) 

©) 3(5) 

e) g(a — 2) 


27. Average Age of Senators. The function A(s) given by 


A(s) = 0.321s + 54 


can be used to estimate the average age of senators in 
the U.S. Senate in the years 1981 to 2009. Let A(s) = 
the average age of the senators and s = the number of 
years since 1981—that is, s = 0 for 1981 and s = 9 for 
1990. What was the average age of the U.S. Senators in 


2003? in 2009? 


Source: House and Senate Historical Offices 


b) g(6) 
d) g(-1) 
f) e(5) 


b) g(-7) 


b) f(—1) 
d) f(10) 
f) f(—3a) 


17. h(p) = 3p 
a) h(—7) b) h(5) 
c) h(3) d) h(0) 
e) h(6a) f) h(a + 1) 


20. h(x) = 19, a constant function 


a) h(4) b) h(-6) 
c) (12.5) d) h(0) 
e) h(3) f) h(a + 3) 


a) f(0) b) f(—2) 
c) f(2) d) f(—10) 
e) fla-1) f) f(a+ h) 


26. f(x) =x4-3 


a) f(1) b) f(-1) 
c) f(0) d) f(2) 
e) f(—2) f) f(—a) 


28. Average Age of House Members. The function A(h) 


given by 


A(h) = 0.314h + 48 


can be used to estimate the average age of house mem- 
bers in the U.S. House of Representatives in the years 
1981 to 2009. Let A(h) = the average age of the house 
members and h = the number of years since 1981. 
What is the average age of U.S. House members in 1981? 


in 20052 


Source: House and Senate Historical Offices 
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29. Pressure at Sea Depth. The function P(d) = 1 + (d/33) 
gives the pressure, in atmospheres (atm), at a depth of 
d feet in the sea. Note that P(0) = 1 atm, P(33) = 2 atm, 
and so on. Find the pressure at 20 ft, 30 ft, and 100 ft. 


31. Melting Snow. The function W(d) = 0.112d 
approximates the amount, in centimeters, of water that 
results from d centimeters of snow melting. Find the 
amount of water that results from snow melting from 
depths of 16 cm, 25 cm, and 100 cm. 


Sil | 
f ‘ 


(c) Graph each function. 


33. f(x) = —2x 34. g(x) = 3x 


30. Temperature as a Function of Depth. The function 
T(d) = 10d + 20 gives the temperature, in degrees 
Celsius, inside the earth as a function of the depth d, 
in kilometers. Find the temperature at 5 km, 20 km, 
and 1000 km. 


32. Temperature Conversions. The function 
C(F) = 2(F — 32) determines the Celsius temperature 
that corresponds to F degrees Fahrenheit. Find the 
Celsius temperature that corresponds to 62°F 77°F, 
and 23°F 


Celsius Fahrenheit 


Water 
boils 


VA YA YA y 

4 4 4 4 
3 an 2 3 i 3 i : 
2 2 2 2 

1 1 1 be foot 

> > 
~5-4-3-2-1,/. 12.345 x —5-4-3-2-1,/ 123.45 -5-4-3-2-1,| 12345 % —5-4-3-2-1,| 123.4 5 

-2 ED +2 -2 

-3 =3 +3 -3 

-4 “4 “4 -4 

=5 -5 -5 -5 
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37. g(x) = —2x + 3 38. f(x) = —3x +2 39. f(x) =3x+1 40. f(x) = —?x — 2 
VA YA VA YA 
5 5 5 5 
LA 4 4 4 
3 3 3 3 
2 12 2 2 
1 1 1 1 
> > > 
-5-4-3-2-1,[ 12345 x -§-4-3-2-1,[ 12.3.4 5 -§-4-3-2-1,[ 12345 x -5-4-3-2-1,[ 12345 x 
“2 2 -2 2 
Lg L3 13 Lg 
-4 -4 “4 “4 
5 5 -5 “5 
Al. f(x) = 2 — |x| 42. f(x) = |x| -— 4 43. g(x) = |x - 1| 44, g(x) = |x + 3] 
YA VA yy, VA 
5 5 ve 5 
4 4 4 4 
3 3 3 3 
ind 2 2 i) 
1 1 1 1 
S > 
~5-4-3-2-1)/.1.2.3.4.5 9% 824352514 )1.2..3.4.5 wor4cs ner hyp 2 3845 x ~5747372-1, 12345 1% 
7) +2 +2 +2. 
13 43 -3 =3 
4 —4 +4 +4 
“5 +5 -5 55 
45. f(x) = x? 46. f(x) =x? -1 47. f(x) =x? —x-2 48. f(x) = x7 + 6x+5 
y VA YA YA 
5 5 5 5 
4 4 4 4 
3 3 3. 3 
2 2 2 2 
1 1 1 1 
> > 
-§-4-3-2-1,|12345..% -§-4-3-2-1,[ 12 3 4 5 -§-4-3-2-1,[ 12345 x -5-4-3-2-1,[ 12345 x 
7 -2 -2 -2 
3 u3 —3 —3 
4 “4 -4 -4 
5 <5 <5 —5 
49. f(x) = 2 -— x? 50. f(x) =1—- x? 51. f(x) = x3 41 52. f(x) =x? - 2 
y y VA YVR 
5 5 5 5 
dh A 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
5-4-3-2-1,[ 12345. % -§-4-3-2-1,[ 12.3 4 5 ~5-4-3-2-1,[ 1.2.3.4 5 5% -5-4-3-2-1,[ 12345 > % 
+2. +2 +2 +2 
13 +3 +3. +3 
+4 +4 +4 +4 
£5. +5 +5 =5 
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| Determine whether each of the following is the graph of a function. 


53. y 54. y , 55. y 56. y 

x x x x 
57. J 58. y 59. YA 60. VA 

x y x x x 
(e) Solve. 
News/Talk Radio Stations. The following graph approxi- 61. Approximate the number of news/ talk radio stations in 


mates the number of U.S. commercial radio stations with a 2000. That is, find f(2000). 
news/talk format. The number of stations is a function fof 


the year x. 

y 
1300 
1275 
1250 
1225 7 

62. Approximate the number of news/ talk radio stations in 
ik 2003. That is, find f(2003). 
1150 
1125 
> 


¥i997 1999 2001 2003 x 
Year 


Number of news/talk 
radio stations 
is 
oS 
o 


SOURCE: M Street Corporation 


Digital Photographs. The following graph approximates 63. Approximate the number of digital photos taken but not 
the number of digital photos taken but not printed, in printed in 2000. That is, find f(2000). 

billions. The number of photos that are not printed is a 

function fof the year x. 


13 
12 
11 
10 
9 
i, 64. Approximate the number of digital photos taken but not 
printed in 2002. That is, find f(2002). 
> 


2000 2002 2004 x 
Year 


Number of digital photos not 
printed (in billions) 


FPrmwWeR ODN CO 
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Skill Maintenance 


In each of Exercises 65-72, fill in the blank with the correct term from the given list. Some of the choices may not be used and 
some may be used more than once. 


65. The axes divide the plane into four regions called axes 
[2.1a] coordinates 
quadrants 
66. A(n) _______ is a correspondence between two sets addition principle 
such that each member of the first set corresponds to at least one multiplication principle 


member of the second set. [2.2a] vertical inedest 


graph 
67. A(n) is a correspondence between a first demas 
set, called the , and a second set, called range 
the , such that each member of the relation 
corresponds to exactly one member of the ; 
function 
(2.2a] 
inputs 
outputs 
68. The of an equation is a drawing that represents solutions 
all ofits solutions. [2.1b] 
values 
69. Members of the domain of a function are its 
[2.2b] 
70. The replacements for the variable that make an equation true are 
its . [1.1a] 
71. The states that for any real numbers a, b, and c, 
a= bisequivalenttoa+c=b+c. [1.1b] 
72. The can be used to determine whether a graph 
represents afunction. [2.2d] 
Synthesis 
73. Suppose that for some function g, g(x — 6) = 10x — 1. 74. Suppose that for some function h, h(x + 5) = x? — 4. 
Find g(—2). Find h(3). 
For Exercises 75 and 76, let f(x) = 3x? — 1 and g(x) = 2x + 5. 
75. Find f(g(—4)) and g( f(—4)). 76. Find f(g(—1)) and g(f(—1)). 


77. Suppose that a function gis such that g(—1) = —7 and g(3) = 8. Find a formula for gif g(x) is of the form g(x) = mx + b, 
where m and b are constants. 
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SKILL TO REVIEW 
Objective 1.1d: Solve equations 
using the addition principle and the 
multiplication principle together, 
removing parentheses where 
appropriate. 


Solve. 
1.6% = 3 = 51 
2.15 —-2x=0 


1. Find the domain and the range 
of the function f whose graph 
is shown below. 


Answers 

Skill to Review: 

Lg 2. ao or7.5 
2 

Margin Exercise: 


1. Domain = {—3, 2,0, 2,5}; 
range = {—3, —2, 2,3} 


(a) Finding Domain and Range 


The solutions of an equation in two variables consist of a set of ordered pairs. 
A set of ordered pairs is called a relation. When a set of ordered pairs is such 
that no two different pairs share a common first coordinate, we have a 
function. The domain is the set of all first coordinates, and the range is the 


set of all second coordinates. 


EXAMPLE 1 Find the domain and the range of the function f whose graph 


is shown below. 


IK This function contains just four 
oe Sali calc ce ie es ordered pairs and it can be written as 
bE Ledford EE 
ik eae ae {(-3, 1), (1, —2), (3,0), (4,5) }. 
ceo ae ec mae me aa ae We can determine the domain and the 

pope eee Oe range by reading the x- and y-values 
e > : 
wor478r2214|.1.2.3.4.5.. % directly from the graph. 
Lui idistudansibowislecs $2 lnaiiedancctes 
3). 74) 


The domain is the set of all first coordinates, or x-values, {—3, 1,3, 4}. The 
range is the set of all second coordinates, or y-values, {1, —2, 0,5}. 


Do Margin Exercise 1. 


each of the following. 


a) The number in the range that is paired 
with 1 from the domain. That is, 
find f(1). 

b) The domain of f 


c) The numbers in the domain that are 
paired with 1 from the range. That is, 
find all x such that f(x) = 1. 


d) The range of f 


a) To determine which number in the 
range is paired with 1 in the domain, we 
locate 1 on the horizontal axis. Next, we 
find the point on the graph of f for 
which 1 is the first coordinate. From that 
point, we can look to the vertical axis to 
find the corresponding y-coordinate, 2. 
The input 1 has the output 2—that is, 


f(1) = 2. 
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) EXAMPLE 2 For the function f whose graph is shown below, determine 


r) 


. EXAMPLE 3 Find the domain and the range of the function f whose graph 


b) 


Cc) 


d) 


The domain of the function is the 
set of all x-values, or inputs, of the 
points on the graph. These extend 
from —5 to 3 and can be viewed as 
the curve’s shadow, or projection, 
onto the x-axis. Thus the domain 
is the set {x|—5 = x = 3}, or,in 
interval notation, [—5, 3]. 


To determine which numbers in 
the domain are paired with 1 in 
the range, we locate 1 on the verti- 
cal axis. From there, we look left 
and right to the graph of fto find 
any points for which 1 is the 
second coordinate (output). One 
such point exists, (—4, 1). For this 
function, we note that x = —4 is 
the only member of the domain 
paired with 1. For other functions, 
there might be more than one 
member of the domain paired with 
a member of the range. 


The range of the function is the set 
of all y-values, or outputs, of the 
points on the graph. These extend 
from —1 to 4 and can be viewed as 
the curve’s shadow, or projection, 
onto the y-axis. Thus the range is 
the set {y|-1 = y = 4}, or in 
interval notation, [—1, 4]. 


is shown below. 


M4-3-2-1 | T2745 x 
The domain 

of f= {x|-5 < x < 3}, 
or [—5, 3] 


or [=1, 4] 


Do Exercise 2. 


Since no endpoints are indicated, the graph extends indefinitely both 
horizontally and vertically. Thus the domain is the set of all real numbers. 
Likewise, the range is the set of all real numbers. [ 


Do Exercise 3. 


2.3 Finding Domain and Range 


2. For the function f whose graph 
is shown below, determine each 
of the following. 


a) The number in the range that 
is paired with the input 1. 
That is, find f(1). 

b) The domain of f 

c) The numbers in the domain 
that are paired with 4 


d) The range of f 


3. Find the domain and the range 
of the function f whose graph is 
shown below. 


Answers 

2. (a) —4; (b) {x|-3 = x < 3}, or[-3, 3]; 
(c) —3, 3; (d) {y|-5 = y S 4}, or[—5, 4] 

3. Domain: all real numbers; range: all real 
numbers 
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When a function is given by an equation or a formula, the domain is 
understood to be the largest set of real numbers (inputs) for which function 
values (outputs) can be calculated. That is, the domain is the set of all possi- 
ble allowable inputs into the formula. To find the domain, think, “What can 
we substitute?” 


| EXAMPLE 4 Find the domain: f(x) = |x. 
We ask, “What can we substitute?” Is there any number x for which we 
cannot calculate |x|? The answer is no. Thus the domain of fis the set of all 
real numbers. ) 


3 
2x — 5° 
We ask, “What can we substitute?” Is there any number x for which we 
cannot calculate 3/(2x — 5)? Since 3/(2x — 5) cannot be calculated when the 
denominator 2x — 5 is 0, we solve the following equation to find those real 
numbers that must be excluded from the domain of f: 


| EXAMPLE 5. Find the domain: f(x) = 


2x-5=0 Setting the denominator equal to 0 
2x =5 Adding 5 
x= 2. Dividing by 2 


nincktherconaint Thus, 3 is not in the domain, whereas all other real numbers are. 
4, f(x) = x3 - |x| The domain of fis {xx is areal number and x 4 aI In interval notation, 


the domain is (—00, 3) U (3, 00). ) 


2) ra, Do Exercises 4 and 5. 


The task of determining the domain and the range of a function is one 
that we will return to several times as we consider other types of functions in 
this book. 


Functions: A Review 
The following is a review of the function concepts considered in Sections 2.2 
and 2.3. 
Function Concepts Graph 
¢ Formula for f: f(x) = x2 — 7 
e For every input off, there is 
exactly one output. 
e¢ When 1 is the input, —6 is 
the output. 


* fly=-8 
e (1, —6) is on the graph. 


¢ Domain = The set of all inputs 
The set of all 


real numbers 


e Range = The set of all outputs 
= {yly = -7} 
= [-7,00) 
Answers 


4. All real numbers 


2 
5. {xlxis areal number and x # -2}, or 


(-~.-§)o(-5=) 
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For Extra Help 


Exercise Set MyMathLab ye &. = & 


In Exercises 1-12, the graph is that of a function. Determine for each one (a) f(1); (b) the domain; (c) all x-values such 
that f(x) = 2; and (d) the range. An open dot indicates that the point does not belong to the graph. 


1. 2. 4. 
YA Bd ZN 
5 5 5 
e 4 e 4 4 
e 3)--e 3 e 3 
O20 2 e 2 
el aco 1 
> ¢ > > 
T574-3-2-1, 123 45 4 7574737271) 123.4 5 Bi x 57437271) 12345 x 
2 =2 —2 
o3 -3 —3 
—4 -4 —4 
5 -5 —5 


BY 


x 


9. re 12. uh 
5 5 
4 4 Oo—e 
3 — 
2 20——* 
1 o—e.-1 
—5-4-3-2-1,| 12345  % x —5-4-3-2-1,| 12.3.4 5 < 
=) ) 
+3 —3 
=4 —4 
-5. aS 
Find the domain. 
2 7 
13. f(x) = 725 14. f(x) = Rasig 15. f(x) = 2x+ 1 16. f(x) = 4 — 5x 
17. f(x) = x2 +3 18. f(x) = x2 — 2x +3 19. f(x) = a 20. f(x) = == 
5x — 14 3x + 4 
x? — 3x 4 
21. f(x) = |x| -— 4 22. f(x) = |x - 4| 23. f(x) = 24. f(x) = 
|4x — 7| |ax — 3| 
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33. g(x) = |x + 7| 


-ll 
4+x 


26. g(x) = 


30. g(x) = 4x3 + 5x2 — 2x 


34, g(x) = |x| + 1 


7 2x-— 3 
31. g(x) = a ae 32. g(x) = ees 

-2 x2 + 2x 
See a) — |4x + 5| es |10x — 20] 


37. For the function f whose graph is shown below, find 


f(-1),f(0), and f(1). 


(-1, -8) 


Skill Maintenance 


Solve. [1.4d] 
39. On anew job, Anthony can be paid in one of two ways: 


Plan A: Asalary of $800 per month, plus a commission 
of 5% of sales; 


Plan B: Asalary of $1000 per month, plus a 
commission of 7% of sales in excess of $15,000. 


For what amount of monthly sales is plan B better than 

plan A, if we assume that sales are always more than 

$15,000? 
Solve. [1.6c, d] 
41. |x| = 8 42, |x| = -8 


45. |3x — 4| = |x + 2| 46. |5x — 6| = |3 — 8x 


Synthesis 
rw F ene 
49. ima Determine the range of each of the functions in 


Exercises 13, 18, 21, and 22. 


Find the domain of each function. 


51. f(x) = Wx-1 
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38. For the function g whose graph is shown below, find all 
the x-values for which g(x) = 1. 


40. Test Score. You are taking a business course for 
which there will be 4 tests, each worth 100 points. You 
have scores of 92, 90, and 88 on the first three tests. 
You must make a total of at least 360 points in order to 
get an A. What scores on the fourth test will earn you 
an A? 


43. |x — 7| = 11 44, |2x + 3| = 13 


47. |3x — 8| = -11 48. |3x — 8| = 0 


50. asa Determine the range of each of the functions in 
Exercises 26, 27, 28, and 34. 


52. g(x) = V2—-x 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. Every function is arelation. [2.2a] 


. It is possible for one input of a function to have two or more outputs. [2.2a] 


2 

3. Itis possible for all the inputs of a function to have the same output. [2.2a] 

4. If it is possible for a vertical line to cross a graph more than once, the graph is 
not the graph ofafunction. [2.2d] 


5. If the domain of a function is the set of real numbers, then the range is the 
set of real numbers. [2.3a] 


Guided Solutions 


Use the graph to complete the table of ordered pairs that name points on the graph. 
2 oo: en. 


Mixed Review 


Determine whether the given point is a solution of the equation. [2.1b] 


il 
8. (—2,—-1); 5y + 6 = 4x 9. (3.0); 8a= 4-6 
Determine whether the correspondence is a function. [2.2a] 
10. Domain —_ Range 11. Domain —_ Range 12. Find the domain and the range. 
tf 5 [2.3a] 
aie 1 10 = YA 
15 35 a a. oe: 
———— ee Alene 
late) een tlhe L 2 7 4 2 : x 
Find the function values. [2.2b] 
1 
13. g(x) = 2+ x; g(—5) 14. f(x) =x — 7; f(0) 15. h(x) = 8; n(3) 
it 
16. f(x) = 3x2 — x + 5; f(-1) 17. g(p) = p* — p>; g(10) 18. f(z) = gt t 3 f(-6) 
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Determine whether each of the following is the graph ofa function. [2.2d] 
19. yA 20. YA 21. yA 


RV 
| 
BV 


Find the domain. [2.3a] 


3 
22. g(x) = = 23. f(x) = x2 — 10x +3 
a2 
24. h(x) = 5 25. f(x) = |x — 4| 


Graph. [2.1c], [2.2c] 


2 1 
26. y= —4x— 2 27. f(x) =x-1 28. A(x) = 2x + 5 
VA 
YA poy ee en peeing YA 
2 eel 
eal 1g om 
es) Leteeeiea) e 
sive! lk : : : pod 
SSL LE a & nee 
2] Lyf d PB Bon, 
3 
Al... 
= 
29. g(x) = |x| - 3 30. y= 1+ x? S15 f= -*x 
VA VA 
veo Ua estate a sateen VA 
ee} ae seen 
2D) oe 1.3}. 
'-5-4-3-2-1,[ 12345 'x oe 
Se geees ve etetoealy| L288 8 
23 : ; poston SD foe : 
iy =8) 
5 —4 
: 5 
Understanding Through Discussion and Writing E 
g 
32. Is it possible for a function to have more numbers as 33. Without making a drawing, how can you tell that the 3 
outputs than as inputs? Why or why not? = [2.2a] graph of y = x — 30 passes through three quadrants? 3 
=] 
[2.1c] z 
a 
34. For a given function f, it is known that f(2) = —3. Give 35. Explain the difference between the domain and the z 
as many interpretations of this factas youcan. [2.2b], range of afunction. [2.3a] ) 
[2.3a] % 
5. 
Q 
8 
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We now turn our attention to functions whose graphs are straight lines. Such 
functions are called linear and can be written in the form f(x) = mx + b. 


LINEAR FUNCTION 


A linear function f is any function that can be described by 
f(x) = mx + b. 


Compare the two equations 7y + 2x = ll andy = 3x + 5. Both are lin- 
ear equations because their graphs are straight lines. Each can be expressed 
in an equivalent form that is a linear function. 

The equation y = 3x + 5 can be expressed as f(x) = mx + b, where 
m= 3andb= 5. 

The equation 7y + 2x = 11 also has an equivalent form f(x) = mx + b. 
To see this, we solve for y: 


7y + 2x = 11 
Ty + 2x — 2x = -2x + 11 Subtracting 2x 
Ty = -2x + 11 
7y  —2x+ 11 saul 
: hr Dividing by 7 
2 ale 
y= 5% ap 7" Simplifying 


(It might be helpful to review the discussion on solving formulas in Section 1.2.) 
We now have an equivalent equation in the form 


f(x) = “ZX to. where m = — and aaa 


In this section, we consider the effects of the constants m and b on the 
graphs of linear functions. 


(a) The Constant b: The y-Intercept 


Let's first explore the effect of the constant b. 


EXAMPLE 1 Graph y = 2x and y = 2x + 3 using the same set of axes. 
Compare the graphs. 

We first make a table of solutions 
of both equations. 


0 0 3 
1 2 5 
=] =2Z 1 
2 4 i 
=2 —4 =1 


{ 7m Calculator Corner 


SKILL TO REVIEW 
Objective R.2c: Subtract real 
numbers. 


Subtract. 
1. 11 — (-8) 2. —6 — (-6) 


Exploring b Wecanusea 
graphing calculator to explore the effect 
of the constant b on the graph of a func- 
tion of the form f(x) = mx + b.Graph 
y = xin the standard [ —10, 10, —10, 10] 
viewing window. Then graph y2 = x + 4, 
followed by y3 = x — 3, inthe same 
viewing window. 


Exercises: 

1. Compare the graph of y2 with 
the graph of y}. 

2. Compare the graph of y3 with 
the graph of y}. 

3. Visualize the graphs of y = x + 8 
and y = x — 5. Compare each 
graph with the graph of y}. 


Answers 


Skill to Review: 
1619 2.0 
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Next, we plot these points. y 
1. Graph y = 3x and y = 3x — 6 Drawing a red line for y = 2x and 
using the same set ol axes. a blue line for y = 2x + 3, we note 
onic te og eas) that the graph of y = 2x + 3is 
simply the graph of y = 2x shifted, 
or translated, up 3 units. The lines 
are parallel. 


1 
1 3 units up 
1 


> 
x 
2. Graph y = —2xandy = —2x + 3 
using the same set of axes. 
Compare the graphs. ) 


Do Exercises 1 and 2. 


) EXAMPLE 2 Graph f(x) = }x and g(x) = 4x — 2 using the same set of 
axes. Compare the graphs. 


We first make a table of 
solutions of both equations. 
By choosing multiples of 3, 
we can avoid fractions. 


0 0 -2 
3 1 -1 
-3 -1 -3 
6 es 0 


We then plot these points. Drawing a red line for f(x) = 5x and a blue line 
for g(x) = 5x — 2, we see that the graph of g(x) = 5x — 2is simply the graph 
of f(x) = 5x shifted, or translated, down 2 units. The lines are parallel. 


2 units down 


Answers ) 


The graph of 

y = 3x — 6 looks 
just like the graph 
of y = 3x, but it 
is shifted down 

6 units. 


The graph of 
y=-2x+3 
looks just like 
the graph of 

y = —2x, but it 
is shifted up 

3 units. 
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In Example 1, we saw that the graph of y = 2x + 3 is parallel to the graph 


of y = 2x and that it passes through the point (0, 3). Similarly, in Example 2, 3. Graph f(x) = 1x and 
we saw that the graph of y = 4x — 2 is parallel to the graph of y = }x and that g(x) = 4x + 2 using the same 
it passes through the point (0, —2). In general, the graph of y = mx + bisa set of axes. Compare the graphs. 


line parallel to y = mx, passing through the point (0, b). The point (0, b) is 
called the y-intercept because it is the point at which the graph crosses the 
y-axis. Often it is convenient to refer to the number Das the y-intercept. The 
constant b has the effect of moving the graph of y = mx up or down |b| units 


to obtain the graph of y = mx + Db. 


Do Exercise 3. 


y-INTERCEPT 


The y-intercept of the graph of 
f(x) = mx + bis the point (0, b) 
or, simply, b. 


y 


f@) = mx+b 
(0, b) 


EXAMPLE 3 Find the y-intercept: y = —5x + 4. 


y= —5x +4 (0, 4) is the y-intercept. 


EXAMPLE 4 Find the y-intercept: f(x) = 6.3x — 7.8. 
f(x) = 6.3x — 7.8 (0, —7.8) is the y-intercept. 
ee 


Find the y-intercept. 
4.y=7x +8 


5. f(x) = -6x - 3 


Answers 
3. y The graph of 
] i g(x) looks 
g(x) = a0 +2 just like the 
7, graph of f(x), 
BPR feo kainton x Dutitis 


shifted up 


_l 
Do Exercises 4 and 5. AO) = 3? omits. 
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| STUDY TIPS 


HOMEWORK TIPS | 


Prepare for your homework 
assignment by reading the 
explanations of concepts and 
following the step-by-step 

solutions of examples in the text. | 
The time you spend preparing will 
save valuable time when you do 

your assignment. 
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(b) The Constant m: Slope 


Look again at the graphs in Examples 1 and 2. Note that the slant of each red 
line seems to match the slant of each blue line. This leads us to believe that 
the number m in the equation y = mx + bis related to the slant of the line. 
Let’s consider some examples. 


Graphs with m <0: 
m=—1 


Graphs with m = 0: 
m=0 m=0 m=0 


Y" Yn YK 
6 6 6 
4|-y=f@) =3 4 4 
: 2 2 y=f(x) =0 
———_ > 
-6 -4 -2 2 4 6 % -6 -4 -2 2 4 6 % —6 -4 -2 24 6 x 
2 -2 -2 Band 
-4 -4 fost -4 
= =-6 
-6 TE oe -6 
Graphs with m > 0: 1 
m=1 y m=6 yr m=3 YA 
6 6 : 
4 : 4 i 
2 
-6 -4 -2 2 4 6 x 6 -4 -2 24 6 % 
=) = ey] oy) : 
a Y=f@)=gxt2 , 
y=f(x) =6x-4- i =6 


Note that 


m < 0 -> The graph slants down from left to right; 
m = 0 -> the graph is horizontal; and 
m > 0 > the graph slants up from left to right. 


The following definition enables us to visualize the slant and attach a 
number, a geometric ratio, or slope, to the line. 


The slope of a line containing points (x1, y,) and (x2, y2) is given by 
y (Xp, Yo) a rise 
run 
| (Yo — Y) z 
Bes Saya Gy _ changeiny — y2— yi =e 
| =a > changeinx X2-—X, Xx, — Xo 


y, 
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Consider a line with two points marked P and P», as follows. As we move 
from P, to P2, the y-coordinate changes from 1 to 3 and the x-coordinate 


changes from 2 to 7. The change in yis 3 — 1, or 2. The change in xis 7 — 2, ( Calculator Corner 


or 5. 
Visualizing Slope 


Exercises: Use the window settings 
[—6, 6, —4,4], with Xscl = 1 and 


Yscl = 1. 
1. Graph y = x, y = 2x, and 
12345678910 % y = 5x in the same window. 
What do you think the graph 
3 of y = 10x will look like? 
re 2. Graph y = x,y = 5x, and 


y = 0.1x in the same window. 
What do you think the graph of 
y = 0.005x will look like? 


3. Graph y = —x, y = —2x, and 


We call the change in y the rise and the change in x the run. The ratio 
rise/run is the same for any two points on a line. We call this ratio the slope. 
Slope describes the slant of a line. The slope of the line in the graph above is 


given by y = —5x in the same window. 
: What do you think the graph of 

rise Ls Ss y = —10x will look like? 

run’ change in x’ 5 4. Graph y = —x, y = —1x, and 
Whenever x increases by 5 units, y increases by 2 units. Equivalently, whenever y = —0.1x in the same window. 
x increases by 1 unit, y increases by é unit. What do you think the graph of 

y = —0.005x will look like? 

EXAMPLE 5. Graph the line containing the points (—4, 3) and (2, —5) and . 4 
find the slope. 


The graph is shown below. Going from (—4, 3) to (2, —5), we see that 
the change in y, or the rise, is —-5 — 3, or —8. The change in x, or the run, is 
2 — (-4), or6. 


> 
x 
rise changeiny 
Slope = = ; 
run changeinx 
_ =8=3 
2 — (-4) 
—8 : 4 
og geet og ) 
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The formula 


ma 2M NOV 


X2— XX, =X] — X2 


tells us that we can subtract in two ways. We must remember, however, to sub- 
tract the x-coordinates in the same order that we subtract the y-coordinates. 


Let’s do Example 5 again: 
Graph the line through the given P 8 


points and find its slope. SI changeiny 3 -— (—5) 8 8 4 
6. (—1, -1) and (2, —4) ORE changeinx -4-2 -6 6 3 


We see that both ways give the same value for the slope. 

The slope of a line tells how it slants. A line with positive slope slants up 
from left to right. The larger the positive number, the steeper the slant. A line 
with negative slope slants downward from left to right. The smaller the nega- 
tive number, the steeper the line. 


: y y y 
peeitanit > i > a 
x x x x 
m=75 m= 10 m= —i5 ae 


Do Exercises 6 and 7. 


How can we find the slope from a given equation? Let’s consider the 
equation y = 2x + 3, which is in the form y = mx + b. We can find two 
points by choosing convenient values for x—say, 0 and 1—and substituting to 


Go bud he stopeol mucin find the corresponding y-values. 


f(x) = —2x + 1. Use the points 
(9, —5) and (3, -1). Ifx=0,y=2-0+3=3. 
Ifx=ly=2-1+32=5. 


We find two points on the line to be 
(0,3) and (1,5). 


The slope of the line is found as follows, using the definition of slope: 


_ change in y 
change in x 
B= 3 2 
= = ==2, 
LQ 1 
Answers 
6. A ;m=-—1 x 


The slope is 2. Note that this is the coefficient of the x-term in the equation 
y=2x4+ 3. 
If we had chosen different points on the line—say, (—2, —1) and (4, 11)— 
the slope would still be 2, as we see in the following calculation: 
1l1-(-1) 1141 12 


m = = Se, 
4—(-2) 4+2 6 


Do Exercise 8. 
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We see that the slope of the line y = mx + bis indeed the constant m, the 
coefficient of x. 


The slope of the line y = mx + bism. 


From a linear equation in the form y = mx + b, we can read the slope 
and the y-intercept of the graph directly. 


SLOPE-INTERCEPT EQUATION 


The equation y = mx + bis called the slope—-intercept equation. The 
slope is m and the y-intercept is (0, b). 


Note that any graph of an equation y = mx + b passes the vertical-line 
test and thus represents a function. 


EXAMPLE 6 Find the slope and the y-intercept of y = 5x — 4. 


Since the equation is already in the form y = mx + b, we simply read the 
slope and the y-intercept from the equation: 


y= 5x - 4, 
|| 
V 
The slopeis5. The y-intercept is (0, —4). ) 
EXAMPLE 7 Find the slope and the y-intercept of 2x + 3y = 8. 
We first solve for y so we can easily read the slope and the y-intercept: 
2x + 3y = 8 
3y = —2x + 8 Subtracting 2x 
3 9x + 
> = as Dividing by 3 
2 8 i gt 
y= =a + 3° Finding the form y = mx + b 
The slopeis—§. The y-intercept is (0, ae 


| Do Exercises 9 and 10. 


(c) Applications 


Slope has many real-world applications. For example, numbers like 2%, 3%, 
and 6% are often used to represent the grade of a road, a measure of how steep 
a road on a hill or mountain is. A 3% grade (3% = iis) means that for every 
horizontal distance of 100 ft that the road runs, the road rises 3 ft, and a —3% 
grade means that for every horizontal distance of 100 ft, the road drops 3 ft. 
(Normally, the road signs do not include negative signs, since it is obvious 


Find the slope and the y-intercept. 
9. f(x) = —8x + 23 


10. 5x — 10y = 25 


Answers 
9. Slope: —8; y-intercept: (0, 23) 


10. Slope: * y-intercept: (0, -3) 
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whether you are climbing or descending.) An athlete might change the grade 
of a treadmill during a workout. An escape ramp on an airliner might have a 
slope of about —0.6. 


y Road grade = ; 
(expressed as 
a percent) 


Architects and carpenters use slope when designing and building stairs, 
ramps, or roof pitches. Another application occurs in hydrology. The strength 
or force of a river depends on how far the river falls vertically compared to 
how far it flows horizontally. Slope can also be considered as a rate of change. 


) EXAMPLE 8 Health Insurance. Premiums for family health insurance 
plans have increased steadily in recent years. In 2000, the average premium 
was $6438 per year. By 2008, this amount had increased to $12,680 per year. 
Find the rate of change of the average yearly family health insurance pre- 
mium with respect to time, in years. 


Cost of Yearly Family Health Insurance Premiums 


ae 


Cost of insurance premiums 
(in thousands) 


000 2002 2004 2006 2008 
Year 


SOURCE: The Kaiser Family Foundation 
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The rate of change with respect to time, in years, is given by 
$12,680 — $6438 
2008 — 2000 
$6242 
=] " 
= $780.25. 


Rate of change = 


The average yearly family health insurance premium is increasing at a rate of 
about $780.25 per year. 


| Do Exercise 11. 


) EXAMPLE 9 VolumeofMail. The volume of mail through the U.S. Postal 
Service has been dropping since 2006, as shown in the graph below. 


Volume of Mail Through U.S. Post Office 


Volume of mail 
(in billions of pieces 


2007 - 2008 2009 ~ J 


33 ¥ Year ~~ ae 
SOURCE: U.S. Postal Service 


Since the graph is linear, we can use any pair of points to determine the 
rate of change: 


202.7 billion — 213.1 billion 


R f ch = 
en wete 2008 — 2006 
—10.4 billi 
a ~ oi = 5.2 billion per year. 


The volume of mail through the U.S. Postal Service is decreasing at a rate of 
about 5.2 billion pieces per year. 


Do Exercise 12. 


11. Haircutting. The graph below 
displays data from a day’s work at 
Lee’s Barbershop. At 2:00, 

8 haircuts had been completed. 
At 4:00, 14 haircuts had been 
done. Use the graph to determine 
the rate of change of the number 
of haircuts with respect to time. 


oS 


Pee 


SCNHEAMRONAD 


1:00 2:00 3:00 4:00 5:00 6:00 
Time of day 


Number of haircuts completed 


12. Newspaper Circulation. Daily 
newspaper circulation has 
decreased in recent years. The 
graph below shows the circula- 
tion of daily newspapers, in mil- 
lions, for three years. Find the 
rate of change of the circulation 
of daily newspapers per year. 


Circulation of Daily Newspapers 


" as 
g 54 3 — 
= °°) (Zz 
ES Sa 2s 
a | EB 
g f a 
& sik 5 
e 
R= 
3 50 
Year 
Answers 


11. The rate of change is 3 haircuts per hour. 
12. The rate of change is —1.3 million papers 
per year. 
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For Extra Help 


ya §6EXercise Set MyMathLab 


PRACTICE WATCH DOWNLOAD READ REVIEW. 


(a) F (b) Find the slope and the y-intercept. 


ly=4x+5 2.y = —5x + 10 3. f(x) = —2x -6 4. g(x) = —5x +7 
5.y=-3x-} 6.y=2x+% 7. g(x) = 0.5x — 9 8. f(x) = -3.1n + 5 
9. 2x — 3y = 8 10. —8x — 7y = 24 ll. 9x = 3y + 6 12. 9y + 36 — 4x = 0 
13. 3 — ty = 2x 14, 5x = 4y — 10 15. l7y+ 4x+3=7+ 4x 16. 3y — 2x = 5 + 9y — 2x 


(b) Find the slope of each line. 


17. YA 


Find the slope of the line containing the given pair of points. 
21. (6,9) and (4, 5) 22. (8,7) and (2, —1) 23. (9, —4) and (3, —8) 


24, (17, -12) and (—9, —15) 25. (—16.3, 12.4) and (—5.2, 8.7) 26. (14.4, -7.8) and (—12.5, —17.6) 


(c) Find the slope (or rate of change). 


27. Find the slope (or grade) of the 28. Find the slope (or head) of the 29. Find the slope (or pitch) of the 
treadmill. river. roof. 


Copyright © 2011 Pearson Education, Inc. 
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30. Public buildings regularly include 
steps with 7-in. risers and 11-in. 
treads. Find the grade of sucha 
stairway. 


jl in. 


7in 


Find the rate of change. 
33. A 
36 
30 


Value of computer 
(in hundreds of dollars) 
oo 


0 1 2 3 - 


Number of years of use 


35. 
80 - 68,786 
60 
40 
20 F 25,652 

! | L L 


Number of active 
servicemen 
who arte overweight 
(in thousands) 


‘98 '00 '02 '04 '06 '08 
Year 
SOURCE: U.S. Department of Defense 


Skill Maintenance 


Simplify. [R.3c], [R.6b] 
37. 37 — 24-56 + 144+ 12 


2(-3x + yl - 2)}} 


39. 10{2x + 3[5x 


Solve. [1.3a] 


31. Mine Deaths. Find the rate of 
change of the number of mine 
deaths in the United States with 
respect to time, in years. 

nN 

125 


100 102 


51 


Number of deaths 


1988 1998 
Year 


SOURCE: U.S. Mine Safety and Health Administration 


2008 


34. A 


(in meters) 
lon 
co 


32. Find the rate of change of the cost 


of a formal wedding. 


CA 


$28,000 
26,000 
24,000 
22,000 
20,000 
18,000 
16,000 
14,000 
12,000 
10,000 


Cost 


(1986, $11,037) 


(2007, $27,984) 


1991 1996 2001 2006 
Year 
SOURCE: Modern Bride Magazine 


Distance from finish line 


024681012 


Number of seconds 
spent running 


36. o 
4B. Ss 100% + 
538 78.8% 
Fs 2 & 80 [87.0% at 
SSE Gof 
§o2 
Sap 40+ 
SUS 
2*e 20- 
v l | | | l l 
2000 2007 
Year 
38. 9{2x — 3[5x + 2(-3x + y® — 2)]} 
40. 54 + 625 + 52-5’ + 53 


41. One side of a square is 5 yd less than a side of an equilateral triangle. If the perimeter of the square is the same as the 
perimeter of the triangle, what is the length of a side of the square? of the triangle? 


Solve. [1.6c, e] 


42, |5x — 8| = 32 


43. |5x — 8| < 32 
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44, |5x — 8| = 32 


45. |5x — 8| = —32 
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SKILL TO REVIEW 

Objective 2.1a: Plot points asso- 
ciated with ordered pairs of 
numbers. 


1. Plot the following points: 
A(0, 4), B(0, —1), C(0, 0), D(3, 0), 
and E(—,0). 


Answer 
Skill to Review: 


(a) Graphing Using Intercepts 


The x-intercept of the graph of a linear equation or function is the point at 
which the graph crosses the x-axis. The y-intercept is the point at which the 
graph crosses the y-axis. We know from geometry that only one line can be 
drawn through two given points. Thus, if we know the intercepts, we can 
graph the line. To ensure that a computation error has not been made, it is a 
good idea to calculate a third point as a check. 

Many equations of the type Ax + By = Ccan be graphed conveniently 
using intercepts. 


X- AND y-INTERCEPTS 


Ay-intercept is a point (0, b). To find b, let x = 0 and solve for y. 
An x-intercept is a point (a, 0). To find a, let y = 0 and solve for x. 


EXAMPLE 1 Find the intercepts of 3x + 2y = 12 and then graph the line. 
y-intercept: ‘To find the y-intercept, we let x = 0 and solve for y: 


3x + 2y = 12 
3-0+ 2y= 12 Substituting 0 for x 

2y = 12 

y=6. 


The y-intercept is (0, 6). 
x-intercept: To find the x-intercept, we let y = 0 and solve for x: 


3x + 2y = 12 
3x+2-0= 12 Substituting 0 for y 

3x = 12 

x=A4, 


The x-intercept is (4, 0). 
We plot these points and draw the line, using a third point as a check. We 
choose x = 6 and solve for y: 


3(6) + 2y = 12 
18 + 2y = 12 
2y = -6 
y= -3. 
We plot (6, —3) and note that it is 
on the line. 
> 
x 
) 


206 CHAPTER 2_ Graphs, Functions, and Applications 


When both the x-intercept and the y-intercept are (0, 0), as is the case 
with an equation such as y = 2x, whose graph passes through the origin, 
another point would have to be calculated and a third point used as a check. 


(2, 4) 1. Find the intercepts of 
4y — 12 = —6x and then 
graph the line. 


(0, 0) 
—6-5-4-3-2-1 Ne 23456 :% 
x-intercept 


|__Do Exercise 1. 


ze Calculator Corner 


Viewing the Intercepts Knowing the intercepts of a linear equation helps us determine a good viewing window for the 
graph of the equation. For example, when we graph the equation y = —x + 15 inthe standard window, we see only a small portion of the 
graph in the upper right-hand corner of the screen, as shown on the left below. 


yrrx+ 5 y=-x+15 
10 25 
fo LPT 10 23 aaa 
—10 —25 
Xscl = 5 Yscl = 5 


Using algebra, as we did in Example 1, we can find that the intercepts of the graph of this equation are (0, 15) and (15, 0). This tells us that, 
if we are to see a portion of the graph that includes the intercepts, both Xmax and Ymax should be greater than 15. We can try different window 
settings until we find one that suits us. One good choice, shown on the right above, is [ —25, 25, —25, 25], with Xscl = 5and Yscl = 5. 


Exercises: Find the intercepts of the equation algebraically. Then graph the equation on a graphing calculator, choosing window settings 
that allow the intercepts to be seen clearly. (Settings may vary.) 


1. y = —3.2x — 16 2. y — 4.25x = 85 
3. 6x + Sy = 90 4. 5x — 6y = 30 
5. 8x + 3y = 9 6. y = 0.4x -— 5 
7. y = 1.2x — 12 8. 4x — Sy = 2 


'y-intercept 
(0, 3) 
2 x-intercept 
(2, 0) 
q 
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Graph using the slope and the 


y-intercept. 


2y=Sx 


Answers 
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CHAPTER 2 


(b) Graphing Using the Slope 
and the y-Intercept 


We can also graph a line using its slope and y-intercept. 


EXAMPLE 2 Graph: y = —$x+ 1. 


This equation is in slope-intercept form, y = mx + b. The y-intercept is 
(0, 1). We plot (0, 1). We can think of the slope (m = —3) as =. 


Rise —2 Move 2 units down. 
ihe SS 
Run 3 Move 3 units right. 


Starting at the y-intercept and using the slope, we find another point by 
moving down 2 units (since the numerator is negative and corresponds to the 
change in y) and to the right 3 units (since the denominator is positive and 
corresponds to the change in x). We get to a new point, (3, —1). Ina similar 
manner, we can move from the point (3, —1) to find another point, (6, —3). 


We could also think of the slope (m a= 2) asi. 


_ Rise 2 Move 2 units up. 


~ Run —3 Move 3 units left. 


Then we can start again at (0, 1), but this time we move up 2 units (since 
the numerator is positive and corresponds to the change in y) and to the left 
3 units (since the denominator is negative and corresponds to the change in x). 
We get another point on the graph, (—3, 3), and from it we can obtain (—6, 5) 
and others in a similar manner. We plot the points and draw the line. 


VA 


EXAMPLE 3. Graph: f(x) = 2x + 4. 


First, we plot the y-intercept, (0, 4). We then consider the slope 2. A slope 
of 2 tells us that, for every 2 units that the graph rises, it runs 5 units horizon- 
tally in the positive direction, or to the right. Thus, starting at the y-intercept 
and using the slope, we find another point by moving up 2 units (since the 
numerator is positive and corresponds to the change in y) and to the right 
5 units (since the denominator is positive and corresponds to the change in x). 
We get to a new point, (5,6). 
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We can also think of the slope 2 as =. A slope of = tells us that, for every 
2 units that the graph drops, it runs 5 units horizontally in the negative direc- 
tion, or to the left. We again start at the y-intercept, (0,4). We move down 
2 units (since the numerator is negative and corresponds to the change in y) 
and to the left 5 units (since the denominator is negative and corresponds to 
the change in x). We get to another new point, (—5, 2). We plot the points and 
draw the line. 


f@ = 2x+ 4 


(—5, 2) 


—2 ) 
Do Exercises 2-5 on the preceding page. Graph and determine the slope. 


Gal 4 
(c Horizontal and Vertical Lines 


Some equations have graphs that are parallel to one of the axes. This happens 
when either A or B is 0 in Ax + By = C. These equations have a missing 
variable; that is, there is only one variable in the equation. In the following 
example, x is missing. 


EXAMPLE 4 Graph: y = 3. 


Since x is missing, any number for x YA 
will do. Thus all ordered pairs (x, 3) are 
solutions. The graph is a horizontal line 
parallel to the x-axis. ng ge 

g 2 


7.y = 3.6 


> 
ee 1 23.4 5 x 
-2 
<— j-intercept -3 
—4 
-5 Answers 
6. m= 
i) 2 Regardless of x, y must be 3. “* 
Choose any number for x. ) y 
4 
What about the slope of a horizontal line? In Example 4, consider the : 
points (—1,3) and (2,3), which are on the line y = 3. The change in y is x 
3 — 3, or 0. The change in xis —1 — 2, or —3. Thus, 
3-3 0 
= 4 ag a3 7.m=0 


Any two points on a horizontal line have the same y-coordinate. Thus the 
change in y is always 0, so the slope is 0. 


Do Exercises 6 and 7. 2 - 
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10. Determine, if possible, the slope 
of each line. 


a)x=—12 b) y=6 
c)2y+7=11 dx=0 
e) y=-3 f) 10 — 5x = 15 


Answers 


8x -5=19 
10. (a) Not defined; (b) m = 0; 
(c) m = 0; (d) not defined; (e) m = 0; 
(f) not defined 


We can also determine the slope by noting that y = 3 can be written in 
slope-intercept form as y = Ox + 3, or f(x) = Ox + 3. From this equation, we 
read that the slope is 0. A function of this type is called a constant function. 
We can express it in the form y = BD, or f(x) = b. Its graph is a horizontal line 
that crosses the y-axis at (0, b). 

In the following example, y is missing and the graph is parallel to the 
y-axis. 


EXAMPLE 5. Graph: x = —2. 


Since y is missing, any number for y will do. Thus all ordered pairs (—2, y) 
are solutions. The graph is a vertical line parallel to the y-axis. 


y 
x=-2 5 
<— x-intercept 4 
(—2, 3) 
3 
2 
1 
(—2, 0) 5 
— Choose any number for y. se a cel ata | ere ae 
Regardless of y, -2 
x must be —2. -3 
—4 
CLD) 


This graph is not the graph of a function because it fails the vertical-line 
test. The vertical line itself crosses the graph more than once. 


Do Exercises 8 and 9. 


What about the slope of a vertical line? In Example 5, consider the points 
(—2,3) and (—2,-—4), which are on the line x = —2. The change in y is 
3 — (—4), or 7. The change in x is —2 — (—2), or 0. Thus, 

a-(-4) 7 

—-2-(-2) 0 


m Not defined 
Since division by 0 is not defined, the slope of this line is not defined. Any two 
points on a vertical line have the same x-coordinate. Thus the change in x is 
always 0, so the slope of any vertical line is not defined. 

The following summarizes horizontal and vertical lines and their 
equations. 


HORIZONTAL LINE; VERTICAL LINE 


The graph of y = b, or f(x) = b, is a horizontal line with y-intercept 
(0, b). Itis the graph of a constant function with slope 0. 

The graph of x = ais a vertical line through the point (a, 0). The slope 
is not defined. It is not the graph of a function. 


Do Exercise 10. 
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We have graphed linear equations in several ways in this chapter. 
Although, in general, you can use any method that works best for you, we list 
some guidelines in the margin at right. 


(d) Parallel and Perpendicular Lines 


Parallel Lines 


Parallel lines extend indefinitely without intersecting. If two lines are vertical, 
they are parallel. How can we tell whether nonvertical lines are parallel? We 
examine their slopes and y-intercepts. 


PARALLEL LINES 


Two nonvertical lines are parallel if they have the same slope and 
different y-intercepts. 


EXAMPLE 6 _ Determine whether the graphs of 
y-—3x=1 and 3x+ 2y=—-2 


are parallel. 
To determine whether lines are parallel, we first find their slopes. To do 
this, we find the slope—intercept form of each equation by solving for y: 
y-3x=1 3x + 2y = —2 
y= 3x71; 2y = —3x - 2 
y= 7(-3% = 2) 
y= —3x =I, 
The slopes, 3 and — 3, are different. y 


Thus the lines are not parallel, as 
the graphs at right confirm. 


y-3x=1 


x 
3x + 2y=-2 


EXAMPLE 7 Determine whether the graphs of 
3x -—y=-5 and y-—3x=-2 

are parallel. 

We first find the slope-intercept form of each equation by solving for y: 

3x -—y=-5 y-—3x=-2 

—y= -3x —- 5 
\(=y) = -1(-3x — 5) 

y= 3x4+ 5; 


Y= 34. = 2. 


The slopes, 3, are the same. The y-intercepts, y 
(0,5) and (0, —2), are different. Thus the lines 
are parallel, as the graphs appear to confirm. 


Do Exercises 11-13. 


To graph a linear equation: 


1. 


Is the equation of the type 
x = aory = b? Ifso, the 
graph will be a line parallel 
to an axis; x = ais vertical 
and y = bis horizontal. 


. If the line is of the type 


y = mx, both intercepts 
are the origin, (0, 0). Plot 
(0, 0) and one other point. 


. Ifthe line is of the type 


y = mx + b, plot the 
y-intercept and one 
other point. 


. Ifthe equation is of the form 


Ax + By = C, graph using 
intercepts. If the intercepts 
are too close together, 
choose another point 
farther from the origin. 


. Inall cases, use a third 


point as a check. 


Determine whether the graphs of 
the given pair of lines are parallel. 


llx+4=y, 
Yo 2 = 3 
12. y + 4 = 3x, 
Ae — 3 = —// 
133 =4% 42 5, 
2y = 8x + 10 
Answers 


11. Yes 12. No 


13. No; they are the 


same line. 
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Determine whether the graphs of the 
given pair of lines are perpendicular. 
14, 2y—x = 2, 

yrt2x=4 


15. 3y = 2x + 15, 
Zip = sie ar 10) 


Answers 
14. Yes 15. No 


Perpendicular Lines 


If one line is vertical and another is horizontal, they are perpendicular. For ex- 
ample, the lines x = 5 and y = —3 are perpendicular. Otherwise, how can we 
tell whether two lines are perpendicular? 


Consider a line AB, as shown in the figure above, with slope a/b. Then 
think of rotating the line 90° to get a line 4,8) perpendicular to AB. For the 
new line, the rise and the run are interchanged, but the run is now negative. 
Thus the slope of the new line is —b/a, which is the opposite of the reciprocal 
of the slope of the first line. Also note that when we multiply the slopes, we get 


This is the condition under which lines will be perpendicular. 


PERPENDICULAR LINES 


Two nonvertical lines are perpendicular if the product of their slopes 
is —1. (If one line has slope m, the slope of a line perpendicular to it is 
—1/m. That is, to find the slope of a line perpendicular to a given line, 
we take the reciprocal of the given slope and change the sign.) 


Lines are also perpendicular if one of them is vertical (x = a) and one 
of them is horizontal (y = b). 


EXAMPLE 8 Determine whether the graphs of 5y = 4x + 10 and 4y = 
—5x + 4 are perpendicular. 


To determine whether the lines are perpendicular, we determine whether 
the product of their slopes is —1. We first find the slope-intercept form of 
each equation by solving for y. 


We have 

Sy = 4x + 10 4y=-5x+4 y 

y = (4x + 10) y = }(-5x + 4) 4y=-5x+4 Sy = 4x+ 10 
= 5(4x) + 3(10) = q(—5x) + 4(4) 
= 3x + 2; = -2x41. 7 


The slope of the first line is 4, and the slope of the second line is — 3, The prod- 
uct of the slopes is : . (- 3) = —].Thus the lines are perpendicular. 


Do Exercises 14 and 15. 
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Visualizing 
for Success 


Match each equation with its graph. 


lLy=2-x 


2.x-y=2 


~x+2y=2 


- 2x —- 3y =6 


Answers on page A-8 


2.5 | Exercise Set 


(a) Find the intercepts and then graph the line. 


For Extra Help 


MyMathLab |) er! a S. 


READ REVIEW 


lx-2=y 2x+3=y 3.x+ 3y=6 4.x-—2y=4 
YA YA YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > > 
~5-4-3-2-1,/. 12345 % —5-4-3-2-1,| 12345  % ~5-4-3-2-1,[ 12345 % -5-4-3-2-1,| 12345  % 
+2 +2 +2 +2 
+3 +3 +3 +3 
+4 “4 “4 -4 
+5 +5 +5 +5 
5. 2x + 3y = 6 6. 5x — 2y = 10 7. f(x) = —2 — 2x 8. g(x) = 5x —5 
YA YA YA YR 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > 
10747322714 |.1.2.3.4.5. % ~$-4-3-2-1))/. 1.2.3.4 5 3% -5-4-3-2-1,| 12345  % ~5-4-3-2-1,[ 12345 % 
-2 +2 -2 +2 
3 -3 +3 +3 
“4 “4 “4 -4 
5 -5 +5 -5 
9. 5y = —15 + 3x 10. 5x — 10 = 5y 11. 2x — 3y = 6 12. 4x + 5y = 20 
VA YR VA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > > 
~5-4-3-2-1,| 1.2.3.4.5. Xx ~5-4-3-2-1,[ 12345 x —5-4-3-2-1,/ 12345 x ~5-4-3-2-1,[ 12345 Xx 
+2 -2 42 -2 
3 : 23 i +3 H -3 
+4 “4 -4 -4 
+5 +5 -5 bebe 5 
13. 2.8y — 3.5x = —9.8 14. 10.8x — 22.68 = 4.2y 15. 5x + 2y=7 16. 3x — 4y = 10 
ZN Jy ZN y 
5 5 5 5 F 
4 4 4 4 = 
3 3 3 3 g 
2 2 2 2 b= 
=) 
1 1 1 1 5 
> > > ‘ 
-5-4-3-2-1)|. 12.345 2% ~5-4-3-2-1,[ 12345 % -5-4-3-2-1,[ 123.45 x ~5-4-3-2-1,{ 12345  % § 
a) —2 —2 2 é 
+3 -3 43 “3 = 
“4 —4 -4 =4 & 
5 5 b5 5 ss 
% 
= 
a 
1e) 
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(b) Graph using the slope and the y-intercept. 


5 2 5 2 
I7y=5xt1 18. y=—x-4 19. f(x) = —5x-4 20. f(x) == + 3 
ZN y YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-5-4-3-2-1,[ 12.3 4 5 -5—-4-3-2-1,] 12.3 4 5 -5-4-3-2-1,| 123 4 5 ~5-4-3-2-1,| 1 2.3 4 5 
=) 2 —2 2 
23 +3 3 +3 
L4 -4 —4 v4 
L5 a5 —5 a5 
21l.x+2y=4 22. x — 3y = 6 23. 4x — 3y = 12 24. 2x + 6y = 12 
VA ZN ¥ VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 el 1 
-5-4-3-2-1,| 1 2.3 4 5 -5-4-3-2-1,| 1 2.3 4 5 -5-4-3-2-1,| 12.3.4 5 ~5-4-3-2-1,| 1 2.3.4 5 q 
+2 +2 +2 +2 
+3 +3 +3 -3 
+4 -4 “4 “4 
+5 45 -5 5 
1 
25. f(x) = 37 4 26. g(x) = —0.25x + 2 27. 5x + 4- f(x) =4 28. 3: f(x) = 4x + 6 
(Hint: Solve for f(x).) 
YA y YA YA 
5 5 5 5 
4 a4 4 4 
3 3 3 3 
2 22 2 2 
1 1 1 1 
-5—-4-3-2-1,] 12.3.4 5 -5-4-3-2-1,[ 12.3 4 5 ~5-4-3-2-1)| 12 3 4 5 -5-4-3-2-1,| 1 23 4 5 
+2 +2 +2 +2 
+3 3 +3 “3 
“4 “4 +4 -4 
+5 5 +5 “5 
(c) Graph and, if possible, determine the slope. 
3 
29.x = 1 30. x = —4 31l.y=-1 Be V5 
VA y YA y 
5 5 5 5 
4 4 4 od 
3 3 3 3 
2 2 2 2 
1 ol 1 1 
-5-4-3-2-1| 1 2.3 4 5 -5-4-3-2-1,] 12.3 4 5 -5—4-3-2-1,| 1 2.3 4 5 -5-4-3-2-1,[ 12.3.4 5 
+2 +2 +2 -2 
+3 -3 +3 “3 
+4 -4 “4 “4 
+5 “5 +5 “5 
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eV 


RY 


33. f(x) = —6 34. f(x) = 2 35. y = 0 36. x = 0 
J VA y YA 
5 5 5 5 
4 4 4 4 
03 3 3 3 
2 2 2 2 
1 1 1 1 
—5—-4-3-2-1,[ 123.45 x -5-4-3-2-1,[ 1 2.3 4 5 a —5-4-3-2-1,[ 123.45 % -5-4-3-2-1,| 1 2.3.4 5 
2 12 -2 v2 
-3 -3 “3 +3 
-4 -4 “4 “4 
+5 5 “5 +5 
37. 2-f(x)+5=0 38. 4- g(x) + 3x = 12 + 3x 39. 7 — 3x = 4+ 2x 40. 3 — f(x) =2 
YH ZN J. aN 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-5—-4-3-2-1,[ 12345 % -5-4-3-2-1,[ 123.45 % -5-4-3-2-1,| 12345  % -5-4-3-2-1,| 12345 % 
-2 -2 -2 +2 
-3 -3 “3 +3 
L4 14 -4 v4 
-5 5 “5 +5 
(d) Determine whether the graphs of the given pair of lines are parallel. 
41.x+6=y, 42, 2x —7=y, 43. y+ 3 = 5x, 44.y + 8 = —6x, 
y-x=-2 y-— 2x=8 3x -y=-2 -—2x+y=5 
45. y = 3x + 9, 46. y + 7x = -9, 47. 12x = 3, 48. Sy = -2, 
2y = 6x — 2 —3y = 21x +7 —7x = 10 3x = 16 
Determine whether the graphs of the given pair of lines are perpendicular. 
49. y = 4x — 5, 50. 2x — 5y = -3, 51. x + 2y=5, 52. y=-x+7, 
4y=8-x 2x + 5y=4 2x + 4y=8 y=x+3 
53. 2x — 3y = 7, 54.x = y, 55. 2x = 3, 56. —S5y = 10, 
2y — 3x = 10 y=-x —3y = 6 j== 
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Skill Maintenance 


Write in scientific notation. [R.7c] 

57. 53,000,000,000 58. 0.000047 
Write in decimal notation. [R.7c] 

61. 2.13 x 10> 62. 9.01 x 108 
Factor. [R.5d] 

65. 9x — 15y 66. 12a + 21ab 
Synthesis 


69. Find an equation of a horizontal line that passes 
through the point (—2, 3). 


71. Find the value of a such that the graphs of 5y = ax + 5 
and iy = 7x — lare parallel. 


73. Write an equation of the line that has x-intercept (—3, 0) 
and y-intercept (0, 2). 


75. Write an equation for the x-axis. Is this equation a 
function? 


77. Find the value of min y = mx + 3 so that the 
x-intercept of its graph will be (4, 0). 


79. Match each sentence with the most appropriate graph 
from those at right. 


a) The rate at which fluids were given intravenously was 
doubled after 3 hr. 

b) The rate at which fluids were given intravenously was 
gradually reduced to 0. 

c) The rate at which fluids were given intravenously 
remained constant for 5 hr. 

d) The rate at which fluids were given intravenously was 
gradually increased. 


59. 


63. 


67. 


70. 


72. 


7A. 


76. 


78. 


0.018 60. 99,902,000 
2x 104 64. 8.5677 X 10-2 
2lp — 7pq + 14p 68. 64x — 128y + 256 


Find an equation of a vertical line that passes through 
the point (—2, 3). 


Find the value of k such that the graphs of x + 7y = 70 
andy + 3 = kx are perpendicular. 


Find the coordinates of the point of intersection of the 
graphs of the equations x = —4 andy = 5. 


Write an equation for the y-axis. Is this equation a 
function? 


Find the value of bin 2y = —7x + 3bso that the 
y-intercept of its graph will be (0, —13). 


I A» Il A 
a] 900 3 900 
o o 
Ey 800 5 800 
=i 700 Be 700 
~~ 2 600 = 8 600 
‘B= 500 = = 500 
5 | 400 % = 400 
= g 300 zg 300 
2 = 200 3 200 
fe) i} 
=I 100 =I 100 
< < Pie pe 
1 5 9 1 5 9 
PM. PM. PM. PM. PM. PM. 
Time of day Time of day 
Ill nN IV aN 
as) 900 s 900 
a 800 a 800 
Ee 700 Ee 700 
‘SI 2 600 zu g 600 
Sr 500 Si 500 
a aS 
SE 400 SB 400 
= g 300 zg 300 
3 200 3 200 
i} 3 
g 100 E 100 
< bis SSeS SS 
1 5 9 it 5 9 
PM. PM. PM. PM. PM. PM. 
Time of day Time of day 
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2.5 More on Graphing Linear Equations 


In this section, we will learn to find an equation of a line for which we have 
been given two pieces of information. 


(a) Finding an Equation of a Line When the 
Slope and the y-Intercept Are Given 


If we know the slope and the y-intercept of a line, we can find an equation of 
the line using the slope-intercept equation y = mx + b. 


) EXAMPLE1 Aline has slope —0.7 and y-intercept (0, 13). Find an equation 


of the line. 
We use the slope-intercept equation and substitute —0.7 for m and 13 
for b: 
y=mx+b 
y = —0.7x + 13. ) 


Do Margin Exercise 1. | 


Finding an Equation of a Line When the 
Slope and a Point Are Given 


SKILL TO REVIEW Suppose we know the slope of a line and the coordinates of one point on the 

Objective R.2e: Divide real numbers. line. We can use the slope-intercept equation to find an equation of the line. 

Find the reciprocal of the number. ae we can use the point-slope equation. We first develop a formula for such 
a line. 


1.3 


Suppose that a line of slope m passes through the point (x), y,). For any 
other point (x, y) on this line, we must have 


YY A _ tise _ YY, 
roa y SORE = ae a 
1. A line has slope 3.4 and 
y-intercept (0, —8). Find an 
equation of the line. 
> 
x 
It is tempting to use this last equation as an equation of the line of slope m 
that passes through (x), y;). The only problem with this form is that when x 
and y are replaced with x) and y;, we have ? = m, a false equation. To avoid 
this difficulty, we multiply by x — x, on both sides and simplify: 
ame tad ; 
—— (x — x1) = m(x — x}) Multiplying by x — x, on both sides 
Answers : : x7 xX] 
eecneiae y- yi = m(x — x)). Removing a factor of 1: =r =1 
1 9 
oe eee This is the point-slope form of a linear equation. 
Margin Exercise: 
1. y=34x-8 
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POINT-SLOPE EQUATION 


The point-slope equation of a line with slope m, passing through 
(x DY1 ) is 


¥> Vi = ms = x4): 


If we know the slope of a line and a certain point on the line, we can find 
an equation of the line using either the point-slope equation, 


Y~ Y= M(x — x1), 
or the slope-intercept equation, 
y=mx+t b. 
EXAMPLE 2 Find an equation of the line with slope 5 and containing the 
wie fl 
point G, —1 } 


Using the Point-Slope Equation: We consider (3, - 1) to be (x1, y;) and 5 to 
be the slope m, and substitute: 


yY- Yi = M(x — x1) Point-slope equation 


y-(-l)= 5(x - ) Substituting 
yt1l=5x- 3 Simplifying 
y=5x-3-1 
y= 5x-3-3 
y= 5x —§. 


Using the Slope-Intercept Equation: The point (3, - 1) is on the line, so it 
is a solution. Thus we can substitute 5 for x and —1 for yin y = mx + b. We 
also substitute 5 for m, the slope. Then we solve for b: 


y=mx+b Slope-intercept equation 
-1=5- (3) +b Substituting 
-l=i+b Find an equation of the line with 
-]- 2 =b the given slope and containing the 
2_ 5 given point. 
“3-26 eae 
7 . 6 i = sy, (—452)) 
—Z7=b. Solving for b 


We then use the slope-intercept equation y = mx + b again and substitute 5 
for mand —$ for b: 


y=5x- 5. ) 


2 
Do Exercises 2-5. 3 


Answers 
2y=-5x-18 3 y=3x-5 
2 14 
4.y=8x-19 5. y=—-—x+— 
y x MM 3 3 
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(c) Finding an Equation of a Line When 
Two Points Are Given 


We can also use the slope—intercept equation or the point-slope equation to 
find an equation of a line when two points are given. 


' EXAMPLE 3 Find an equation of the line containing the points (2, 3) 
and (—6, 1). 


First, we find the slope: 


5a, se 
2-—(-6) 8 4 


BY 


Now we have the slope and two points. We then proceed as we did in Example 2, 
using either point, and either the point-slope equation or the slope—intercept 
equation. 


Using the Point-Slope Equation: We choose (2,3) and substitute 2 for x), 
3 for y;, and j for m: 


y-y, = m(x—-x,)  Point-slope equation 


y-3=(x-2) Substituting 
yrs =e 7 
yelr-}+3 
yelr-}4$ 
y= 4x3. 


Using the Slope-Intercept Equation: We choose (2,3) and substitute 2 for 
x, 3 for y, and} for m: 


y=mx+b Slope-intercept equation 
={°2+b Substituting 
3=5+b 
g-}=}+p-] 
p-i=5 
2 = Solving for b 


6. Find an equation of the line 


containing the points (4, —3) Finally, we use the slope-intercept equation y = mx + b again and substitute 
and (1,2). ; for m and 3 for b: 


7. Find an equation of the line y= 4x oe 3. ) 
containing the points (—3, —5) 


and (—4, 12). Do Exercises 6 and 7. | 


Answers 
6 . ie 7 17x — 56 
y 3 3 Cana 
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(d) Finding an Equation of a Line Parallel or 
Perpendicular to a Given Line Through 
a Point Off the Line 


We can also use the methods of Example 2 to find an equation of a line 
through a point off the line parallel or perpendicular to a given line. 


EXAMPLE 4 Find an equation of the line containing the point (—1,3) and 
parallel to the line 2x + y = 10. 


A line parallel to the given line 2x + y = 10 must have the same slope as 
the given line. To find that slope, we first find the slope-intercept equation by 
solving for y: 

2x +y= 10 
y= —-2x + 10. 
Thus the line we want to find through (—1, 3) must also have slope —2. 
Using the Point-Slope Equation: We use the point (—1,3) and the slope 
—2, substituting —1 for x), 3 for y;, and —2 for m: 
Y— Yi = M(x — x}) 
y= 3 = —2(x = (-1)) Substituting 
y-3=-2(x + 1) Simplifying 
y-3=-2x- 2 
y= 2x = 2 3 
y= -2x +1. 


Using the Slope-Intercept Equation: We substitute —1 for x and 3 for yin 
y = mx + b,and —2 for m, the slope. Then we solve for b: 
y=mxt+b 
3=-2(-1) +b Substituting 
3=2+b 
= b. Solving for b 


We then use the equation y = mx + bagain J 


and substitute —2 for mand 1 for b: 2x+ y= 10 


y=-2x +1. y=-2x4+1 


The given line 2x + y = 10, ory = —2x + 10, x 
and the line y = —2x + 1 have the same 

slope but different y-intercepts. Thus their 
graphs are parallel. ) 


Do Exercise 8. 


STUDY TIPS 


HIGHLIGHTING 


Reading and highlighting a section 
before your instructor lectures on 
it allows you to listen carefully and 
concentrate on what is being said 
in class. 


e Try to keep one section 
ahead of your syllabus. Ifyou 
study ahead of your lectures, 
you can concentrate on what 
is being explained in them, 
rather than trying to write 
everything down. You can 
then take notes only on 
special points and on ques- 
tions related to what is 
happening in class. 

¢ Highlight important points. 
You will notice many design 
features throughout this 
book that already highlight 
important points. Thus you 
may not need to highlight as 
much as you generally do. 


¢ Highlight points that you do not 
understand. Use a special 
mark to indicate trouble spots 
that can lead to questions to 
be asked during class or ina 
tutoring session. 


8. Find an equation of the line 
containing the point (2, -1) and 
parallel to the line 9x — 3y = 5. 


Answer 
8 y=3x-7 
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9. Find an equation of the line 
containing the point (5, 4) 
and perpendicular to the line 


2x — 4y = 9. 


Answer 
9. y= -2x+ 14 
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' EXAMPLE 5 Find an equation of the line containing the point (2, —3) and 


perpendicular to the line 4y — x = 20. 


To find the slope of the given line, we first find its slope-intercept form by 
solving for y: 


4y — x = 20 
4y =x + 20 
4 + 20 
os -* ri Dividing by 4 
y=4xet 5. 


We know that the slope of the perpendicular line must be the opposite of the 
reciprocal of i. Thus the new line through (2, —3) must have slope —4. 


Using the Point-Slope Equation: We use the point (2, —3) and the slope 
—4, substituting 2 for x}, —3 for y;, and —4 for m: 
Y— Yi = M(x — xj) 
y — (-3) = -4(x- 2) — Substituting 
y+3=-—A4(x—- 2) — Simplifying 
y+3=-4x+ 8 
y= -4x+8-3 
y= -4x + 5. 


Using the Slope-Intercept Equation: We now substitute 2 for x and —3 for 
yiny = mx + b.We also substitute —4 for m, the slope. Then we solve for b: 


y=mx+b 
—3 = —4(2) + b Substituting 
-3=-8+b 

5=b. Solving for b 


Finally, we use the equation y = mx + bagain 
and substitute —4 for m and 5 for b: 


y= -4x +5. 


The product of the slopes of the lines 4y — x = 20 
andy = —4x + 5 is + - (—4) = —1. Thus their 
graphs are perpendicular. 


Do Exercise 9. | 
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(e) Applications of Linear Functions 


When the essential parts of a problem are described in mathematical lan- 
guage, we say that we have a mathematical model. We have already studied 
many kinds of mathematical models in this text—for example, the formulas 
in Section 1.2 and the functions in Section 2.2. Here we study linear functions 
as models. 


EXAMPLE 6 Costofa Necklace. Amelia’s Beads offers a class in 
designing necklaces. For a necklace made of 6-mm beads, 4.23 beads 
per inch are needed. The cost of a necklace of 6-mm gemstone beads 
that sell for 40¢ each is $7 for the clasp and the crimps and approxi- 
mately $1.70 per inch. 


a) Formulate a linear function that models the total cost of a neck- 
lace C(n), where n is the length of the necklace, in inches. 
b) Graph the model. 


c) Use the model to determine the cost of a 30-in. necklace. 


Se 


har? 


a) The problem describes a situation in which cost per inch is charged in 


addition to the fixed cost of the clasp and the crimps. The total cost of a 
16-in. necklace is 


$7 + $1.70 - 16 = $34.20. 
For a 17-in. necklace, the total cost is 
$7 + $1.70 - 17 = $35.90. 


These calculations lead us to generalize that for a necklace that is n inches 
long, the total cost is given by C(n) = 7 + 1.7n, where n = 0 since the 
length of the necklace cannot be negative. (Actually most necklaces are at 
least 14 in. long.) The notation C() indicates that the cost Cis a function 
of the length n. 


Before we draw the graph, we rewrite the model in slope-intercept form: 


C(n) = 1.7n + 7. 


b 


eS 


The y-intercept is (0,7) and the slope, or rate of change, is $1.70 per inch, 
or 74. We first plot (0, 7); from that point, we move up 17 units and to the 
right 10 units to the point (10, 24). We then draw a line through these 
points. We also calculate a third value as a check: 


C(20) = 1.7-20+7=41. 
The point (20, 41) lines up with the other two points so the graph is correct. 


C(n) A 
$80 


70 
C(n) = 1.7n+7 
60 [geese ernie 
58~| 


50 


40 


Total cost 


30 


20 


10 


> 
5 10 15 20 25 30 35 40 n 
Length (in inches 
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10. Cost of a Service Call. 


Fora 


service call, Belmont Heating 
and Air Conditioning charges a 
$65 trip fee and $80 per hour for 
labor. 


a) Formulate a linear function 


for the total cost of the serv- 
ice call C(t), where tis the 
length of the call, in hours. 


b) Graph the model. 


Cc) 


C(t) 


$600 |... 
500 }-..- 
400 |}. 


300 |--- 


Total cost 


200 }- 


100 }.--- 


i Of 


1 ag 
Time (in hours) 


Use the model to determine 
the cost of a 25-hr service call. 


Answer 
10. (a) C(t) = 80f + 65; 


(b) 


(c 


~ 


224 


Total cost 


12 3 4 5 6f 
Time (in hours) 


$265 


CHAPTER 2 


c) To determine the total cost of a 30-in. necklace, we find C(30): 
C(30) = 1.7-30+ 7 = 58. 


From the graph, we see that the input 30 corresponds to the output 58. 
Thus we see that a 30-in. necklace costs $58. 


Do Exercise 10. 


In the following example, we use two points and find an equation for the 
linear function through these points. Then we use the equation to make a 
prediction. 


EXAMPLE 7 _ Refail Trade. Sales at warehouse clubs and superstores 
have increased steadily in recent years. The table below lists data regarding 
the correspondence between the year and the total sales at warehouses and 
superstores, in billions of dollars. 


YEAR, x 
(in years since 2000) 


TOTAL SALES 
(in billions) 


2000, 0 
2007, 7 


SOURCE: U.S. Census Bureau 


a) Assuming a constant rate of change, use the two data points to find a 
linear function that fits the data. 


b) Use the function to determine the total sales in 2005. 
c) In which year will the total sales reach $400 billion? 


a) We let x = the number of years since 2000 and S = total sales. The table 
gives us two ordered pairs, (0, 139.6) and (7, 323.3). We use them to find a 
linear function that fits the data. First, we find the slope: 


323.3 — 139.6 — 183.7 
7-0 7 


= 26.24. 


Next, we find an equation S = mx + b that fits the data. We can use either 
the point-slope equation or the slope-intercept equation to do this. 
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Using the Point-Slope Equation: We substitute one of the points—say, 

(0, 139.6)—and the slope, 26.24, in the point-slope equation: 11. Hat Size as a Function of Head 
Circumference. The table 
below lists data relating hat size 
S — 139.6 = 26.24(x — 0) Substituting to head circumference. 


S — 139.6 = 26.24x — 0 


S — S; = m(x — x1) Point-slope equation 


HEAD 
S = 26.24x + 139.6. CIRCUMFERENCE, C 
Using the Slope-Intercept Equation: One of the data points (0, 139.6) is {in inches) Be SB 
the y-intercept. Thus we know bin the slope-intercept equation, y = mx + b. 
We use the equation S = mx + band substitute 26.24 for m and 139.6 for b: 


S = 26.24x + 139.6. 


SOURCE: Shushan's New Oreleans 


Using function notation, we have 


S(x) = 26.24x + 139.6 a) Assuming a constant rate of 


change, use the two data 


b) To determine the total sales in 2005, we substitute 5 for x (2005 is 5 yr since points to find a linear 
2000) in the function S(x) = 26.24x + 139.6: function that fits the data. 
_ b) Use the function to 
S(x) = 26.24% + 139.6 determine the hat size of a 
S(5) = 26.24:5 + 139.6 Substituting person whose head has a 
= 131.2 + 139.6 circumference of 24.8 in. 
c) Jerome's hat size is 8. What is 


= aie: the circumference of his 
The total sales in 2005 were $270.8 billion. head? 


c) To find the year in which total sales will reach $400 billion, we substitute 
400 for S(x) and solve for x: 
S(x) = 26.24x + 139.6 
400 = 26.24x + 139.6 Substituting 


260.4 = 26.24x Subtracting 139.6 
10 © x. Dividing by 26.24 
Total sales will reach $400 billion about 10 yr after 2000, or in 2010. ) 


Do Exercise 11. 


= 


f 


cal N 
~*~ <a 


Answer 


5 1 7 
11. (a) H(C) = Tel + 3° (b) 73 (c) 25.2 in. 
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2.6 | Exercise Set 


(a) Find an equation of the line having the given slope and y-intercept. 


For Extra Help 
Mathé Xp 


MyMat La PRACTICE WATCH DOWNLOAD READ REVIEW 


1. Slope: —8; y-intercept: (0, 4) 2. Slope: 5; y-intercept: (0, —3) 
3. Slope: 2.3; y-intercept: (0, —1) 4. Slope: —9.1; y-intercept: (0, 2) 


Find a linear function f(x) = mx + bwhose graph has the given slope and y-intercept. 
5. Slope: —2; y-intercept: (0, —5) 6. Slope: 4, y-intercept: (0, 28) 


7. Slope: 3; y-intercept: (0,3) 8. Slope: —/; y-intercept: (0, -#) 


(b) Find an equation of the line having the given slope and containing the given point. 


9. m= 5, (4,3) 10. m = 4, (5,2) 11. m= —3, (9,6) 12. m = —2, (2,8) 
13. m = 1, (-1,-7) 14, m = 3, (—2,-2) 15. m = —2, (8,0) 16. m = —3, (-2,0) 
17. m = 0, (0,-7) 18. m = 0, (0,4) 19. m = , (1,-2) 20. m = —%, (2,3) 
(c) Find an equation of the line containing the given pair of points. 
21. (1,4) and (5, 6) 22. (2,5) and (4, 7) 23. (—3, —3) and (2, 2) 24, (—1, —-1) and (9, 9) 
25. (—4, 0) and (0, 7) 26. (0, —5) and (3, 0) 27. (—2, -3) and (—4, —6) 28. (—4, —7) and (—2, —1) g 
= 
11 3 23 5 g 
29. (0,0) and (6, 1) 30. (0,0) and (—4, 7) 31. (3,3) and (3,6) $2..(5,3) and (—3,2) é 
8 
& 
5 
8 
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(d) Write an equation of the line containing the given point and parallel to the given line. 


33. (3,7); x + 2y=6 34. (0,3); 2x -y=7 


35. (2,-1); 5x — 7y = 8 36. (—4,-5); 2x + y 3 


37. (—6, 2); 3x = 9y + 2 38. (—7,0); 2y + 5x =6 


Write an equation of the line containing the given point and perpendicular to the given line. 
39. (2,5); 2x + y= 3 40. (4,1); x - 3y =9 


Al. (3,—-2); 3x + 4y=5 42. (—3,-5); 5x — 2y=4 


43. (0,9); 2x + 5y=7 


(e) Solve. 


45. Moving Costs. Metro Movers charges $85 plus $40 an 
hour to move households across town. 


46. Deluxe Cable TV Service. Vista Cable TV Service 
charges a $35 installation fee and $20 per month for 
basic service. 


a) Formulate a linear function for the total cost C(t) of 
thours of moving. 

b) Graph the model. 

c) Use the model to determine the cost of 63 hr of 
moving service. 


a) Formulate a linear function for the total cost C(t) of 
tmonths of cable TV service. 

b) Graph the model. 

c) Use the model to determine the cost of 9 months 
of service. 


47. Value of a Fax Machine. Melton Corporation bought 48. Value ofa Computer. True Tone Graphics bought a 


a multifunction fax machine for $750. The value V(t) of 
the machine depreciates (declines) at a rate of $25 per 
month. 


a) Formulate a linear function for the value V(t) of the 
machine after t months. 

b) Graph the model. 

c) Use the model to determine the value of the machine 
after 13 months. 


computer for $3800. The value V(t) of the computer 

depreciates at a rate of $50 per month. 

a) Formulate a linear function for the value V(t) of the 
computer after t months. 

b) Graph the model. 

c) Use the model to determine the value of the 
computer after 104 months. 
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In Exercises 49-54, assume that a constant rate of change exists for each model formed. 


49. Whooping Cough. The table below lists data regarding 50. Lobbying Expenses. The table below lists data regard- 
the number of cases of whooping cough in 1987 and in ing spending, in billions of dollars, on lobbying Congress 
2007. and the federal government in 2004 and in 2008. 


AMOUNT SPENT 
YEAR, x ON LOBBYING 


YEAR, x NUMBER OF 
(in years since 1987) CASES 
(in years since 2004) (in billions) 


2,862 
10,454 2004, 0 $1.5 


2008, 4 $3.3 


SOURCE: Centers for Disease Control and Prevention 
SOURCE: CO MoneyLine 
a) Use the two data points to find a linear function that 


fits the data. Let x = the number of years since 1987 a) Use the two data points to find a linear function that 
and W(x) = the number of cases of whooping cough. fits the data. Let x = the number of years since 2004 
b) Use the function of part (a) to estimate and predict and L(x) = the amount spent, in billions of dollars, 
the number of cases of whooping cough in 1990 and on lobbying Congress and the federal government. 
in 2012. b) Use the function of part (a) to estimate the amount 


spent on lobbying in 2005 and in 2010. 


51. Auto Dealers. Atthe close of 1991, there were 24,026 52. Records in the 400-Meter Run. In 1930, the record for 
auto dealers in the United States. By the end of 2008, the 400-m run was 46.8 sec. In 1970, it was 43.8 sec. Let 
this number had dropped to 20,084. Let D(x) = the R(t) = the record in the 400-m run and t = the number 
number of auto dealerships and x = the number of of years since 1930. 
years since 1991. a) Find a linear function that fits the data. 

Source: Urban Science Automotive Dealer Census b) Use the function of part (a) to estimate the record in 
a) Find a linear function that fits the data. 2003; in 2006. 
b) Use the function of part (a) to estimate the number c) When will the record be 40 sec? 


of auto dealerships in 2000. 
c) At this rate of decrease, when will the number of 
auto dealerships be 18,000? 


53. Life Expectancy of Males in the United States. In 1990, 54. Life Expectancy of Females in the United States. In 
the life expectancy of males was 71.8 yr. In 2001, it was 1990, the life expectancy of females was 78.8 yr. In 2001, 
74.4 yr. Let M(t) = life expectancy and t = the number it was 79.8 yr. Let F(t) = life expectancy and t = the 
of years since 1990. number of years since 1990. 

Source: U.S. National Center for Health Statistics Source: U.S. National Center for Health Statistics 

a) Find a linear function that fits the data. a) Find a linear function that fits the data. 

b) Use the function of part (a) to estimate the life b) Use the function of part (a) to estimate the life 
expectancy of males in 2007. expectancy of females in 2010. 


Skill Maintenance 


Solve. [1.4c], [1.5al], [1.6c, d, e] 
55. 2x + 3>51 56. |2x + 3| = 51 57, 2x +3 =51 58. 2x + 3=5x-4 


59. |2x + 3| < 13 60. |2x + 3| = |x - 4| 61. |5x — 4| = -8 62. -12 < 2x+3<51 
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2 Summary and Review 


Key Terms, Properties, and Formulas 


axes, p. 160 dependent variable, p. 167 run, p. 199 
origin, p. 160 independent variable, p. 167 slope-intercept equation, p. 201 
ordered pair, p. 160 function, p. 174 grade, p. 201 
coordinates, p. 160 domain, p. 174 rate of change, p. 202 
first coordinate, p. 160 range, p. 174 y-intercept, pp. 197, 206 
second coordinate, p. 160 relation, p. 175 x-intercept, p. 206 
abscissa, p. 160 inputs, p. 176 horizontal line, p. 209 
ordinate, p. 160 outputs, p. 176 vertical line, p. 209 
Cartesian coordinate system, p. 161 constant function, p. 177 parallel lines, p. 211 
quadrants, p. 161 vertical-line test, p. 179 perpendicular lines, p. 212 
graph of an equation, p. 163 linear function, p. 195 point-slope equation, p. 218 
linear equation, p. 163 slope, p. 198 mathematical model, p. 223 
nonlinear equation, p. 166 rise, p. 199 
Slope = m = _ = ~ or - = _ Horizontal Line: f(x) = b, ory = b; slope = 0 
* 7 : : Vertical Line: x = a, Slope is not defined. 

Slope-Intercept Equation: f(x) = mx + b,ory=mx+b 

‘ . Parallel Lines: My, = Mo,b, # bo 
Point-Slope Equation: y- V1 = M(x — x1) 

Perpendicular Lines: my, = -—., M,, M2 # 0 
2 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The slope of averticallineis0. [2.5c] 


2. Aline with slope 1 slants less steeply than a line with slope —5.  [2.4b] 


3. Parallel lines have the same slope and y-intercept. [2.5d] 


Important Concepts 


Objective 2.1c Graph linear equations using tables. 


2 
Example Graph: y = —3* +2. Practice Exercise 
2 
By choosing multiples of 3 for x, we can avoid fraction 1. Graph: y = 5. 3. 
values for y. Ifx = —3, then y 2.(-3)+2=2+2=4, 
We list three ordered pairs in a table, plot the points, draw 3 y 
the line, and label the graph. 
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a 


Objective 2.2a Determine whether a correspondence is a function. 


Example Determine whether each correspondence is a Practice Exercise 
function. 2. Determine whether the correspondence is a 
Domain Range Domain — Range function. 
4—___. 9 A Domain Range 
f 4 ——_> 6 g: Q roa Tete, 
_ ee Os. : 2 — 31 


The correspondence fis a function because each 
member of the domain is matched to only one member of 
the range. The correspondence g is not a function because 
one member of the domain, Q, is matched to more than 
one member of the range. 


Objective 2.2b Given a function described by an equation, find function values (outputs) for specified values (inputs). 


Example Find the indicated function value. Practice Exercise 
a) f(0), for f(x) = —x + 6 b) g(5), for g(x) = —10 3. Find g(0), g(—2), and g(6) for g(x) = 5x = Dy 
c) h(-1), for h(x) = 4x? + x 


a) f(x) = -x + 6: f(0) =-0+6=6 
b) g(x) = —10: g(5) = —10 
c) h(x) = 4x2 + x: h(—1) = 4(-1)2 + (-1) =4-1-1=3 


Objective 2.2d Determine whether a graph is that of a function using the vertical-line test. 


Example Determine whether each of the following is the Practice Exercise 
graph of a function. 4. Determine whether the graph is the graph ofa 
a) y b) y function. 
y. 
x x 
x 

a) The graph is that of a function because no vertical line 

can cross the graph at more than one point. 
b) The graph is not that of a function because a vertical 

line can cross the graph more than once. 
Objective 2.3a Find the domain and the range of a function. 
Example _ For the function fwhose graph is shown below, Practice Exercises 
determine the domain and the range. 5. For the function g whose graph is shown below, 


determine the domain and the range. 


Domain: | —5, 5]; range: [ —3, 5] 


230 CHAPTER 2_ Graphs, Functions, and Applications 


x 


+ 
Example Find the domain of g(x) = ae : 
2x — 6 
Since (x + 1)/(2x — 6) cannot be calculated when the 
denominator 2x — 6 is 0, we solve 2x — 6 = Oto find the 
real numbers that must be excluded from the domain of g: 


2x -6=0 
2x =6 
x=3. 


Thus, 3 is not in the domain. The domain of gis {x|x isa 
real number and x # 3}, or (—~, 3) U(3, ©). 


6. Find the domain of 


x-—3 
NG). 9 


Objective 2.4b Given two points on a line, find the slope. Given a linear equation, derive the 
equivalent slope-intercept equation and determine the slope and the y-intercept. 


Example Find the slope of the line containing (—5, 6) and 
(-1, -4). 
_changeiny § 6—(-4) 6+4 #10 5 


change in x 5 — (-l) 5+1 4 2 


Example Find the slope and the y-intercept of 


4x — 2y = 20. 
We first solve for y: 
4x — 2y = 20 


—2y = —4x + 20 Subtracting 4x 
y= 2x - 10. Dividing by —2 
The slope is 2, and the y-intercept is (0, —10). 


Objective 2.5a Graph linear equations using intercepts. 


Example Find the intercepts of x — 2y = 6 and then 
graph the line. 


To find the y-intercept, we let x = 0 and solve for y: 
0-2y=6 Substituting 0 for x 
—2y=6 
Voss. 
The y-intercept is (0, —3). 
To find the x-intercept, we let y = 0 and solve for x: 
x-2:-0=6 Substituting 0 for y 
x-0=6 
¥% = 6. 
The x-intercept is (6,0). 
We plot these points and draw 


the line, using a third point as a 
check. We let x = —2 and solve for y: 


y= -4. 
We plot (—2, —4) and note that it is 
on the line. 


Practice Exercises 


7. Find the slope of the line containing (2, —8) and 
(—3, 2). 


8. Find the slope and the y-intercept of 
3x = —6y + 12. 


Practice Exercise 


9. Find the intercepts of 3y — 3 = x and then graph the 
line. 


wSn4csc27, 12.3.45 x 
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Objective 2.5b Given a linear equation in slope-intercept form, use the slope and the y-intercept to graph the line. 


Example Graph using the slope and the y-intercept: 


= + 5 
y a ; 

This equation is in slope-intercept form, y = mx + b. 
The y-intercept is (0, 5). We plot (0, 5). We can think of the 
slope (m = —3)as 3. 

Starting at the y-intercept, we use the slope to find 
another point on the graph. We move down 3 units and to 
the right 2 units. We get a new point: (2, 2). 

To get a third point for a check, we start at (2, 2) and 
move down 3 units and to the right 2 units to the point 
(4, —1). We plot the points and draw the line. 


Practice Exercise 


10. Graph using the slope and the y-intercept: y = ax =3. 


Objective 2.5c Graph linear equations of the form x = aory = b. 


Example Graph: y = —1. 


All ordered pairs (x, —1) are solutions; yis —1 at each 
point. The graph is a horizontal line that intersects the 
y-axis at (0, —1). 


Example Graph: x = 2. 


All ordered pairs (2, y) are solutions; x is 2 at each point. 
The graph is a vertical line that intersects the x-axis at (2, 0). 


Practice Exercises 
11. Graph: y = 3. 


12. Graph: x = — 


melo 


L234 5 5 y 
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“ 


or whether they are perpendicular. 


Example Determine whether the graphs of the given pair 
of lines are parallel, perpendicular, or neither. 
b) 5x — 3 = 2y, 

2y + 12 = 5x 


a) 2y—x= 16, 
x+5y=4 


a) Writing each equation in slope-intercept form, we have 
y =4x+ 8andy = —2x + 8. The slopes are } and —2. 
The product of the slopes is —1: } - (—2) = —1. The 
graphs are perpendicular. 


b) Writing each equation in slope-intercept form, we have 
y = 3x — andy = }x — 6. The slopes are the same, 3, 
and the y-intercepts are different. The graphs are parallel. 


Example A line has slope 0.8 and y-intercept (0, —17). 
Find an equation of the line. 


We use the slope-intercept equation and substitute 
0.8 for m and —17 for b: 


y=mx+t+b 
y= 08x = 17. 


Slope-intercept equation 


Example Find an equation of the line with slope —2 
and containing the point (3 - Wye 


Using the point-slope equation, we substitute —2 
for m, ; for x}, and —1 for y}: 


y-(-D= 2 1) Using y — yy = m(x — X}) 


Using the slope-intercept equation, we substitute 
—2 form, a for x, and —1 for y, and then solve for b: 


1 
ae Se Using y = mx + b 
2 
-l=-=+b 
3 
1 
- -=b. 
3 
Then, substituting —2 for m and — 5 for b in the slope- 
intercept equation y = mx + b, we have y = —2x — 4. 


Objective 2.5d Given the equations of two lines, determine whether their graphs are parallel 


Practice Exercises 


Determine whether the graphs of the given pair of lines 
are parallel, perpendicular, or neither. 


13. —3x + 8y = —8, 


8y = 3x + 40 
14. 5x — 2y = -8, 
2x + 5y = 15 


Objective 2.6a Find an equation ofa line when the slope and the y-intercept are given. 


Practice Exercise 


15. A line has slope —8 and y-intercept (0, 0.3). Find an 
equation of the line. 


Objective 2.6b Find an equation ofa line when the slope and a point are given. 


Practice Exercise 


16. Find an equation of the line with slope —4 and 
containing the point G —3). 
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Example Find an equation of the line containing the 
points (—3,9) and (1, —2). 


We first find the slope: 
9-(-2) Wl ou 
—3:— 1 —4 4° 


Using the slope—intercept equation and point (1, —2), we 
substitute — +} for m, 1 for x, and —2 for y, and then solve for 
b. We could also have used the point (—3, 9). 


y=mx+b 

-2=-4-1+b 
-f=- 4p 

3p 


Then substituting — +} for m and 3 for bin y = mx + b, we 
have y = —iUx + 3 


containing the point. 


Example Write an equation of the line containing (—1, 1) 
and parallel to 3y — 6x = 5. 

Solving 3y — 6x = 5 for y, we get y = 2x + 2. The slope 
of the given line is 2. 

A line parallel to the given line must have the same 
slope, 2. We substitute 2 for m, —1 for x;, and 1 for y; in the 
point-slope equation: 

y—1=2[x—- (-1)] 

y-1=2(x+ 1) 

y-1l=2x4+2 
yu 2x + 3. 


Using y — y1 = m(x — x)) 


Line parallel to the given line 
and passing through (—1, 1) 


Example Write an equation of the line containing the 
point (2, —4) and perpendicular to 6x + 2y = 13. 


Solving 6x + 2y = 13 for y, we get y = —3x + 3. 
The slope of the given line is —3. 

The slope of a line perpendicular to the given line is the 
opposite of the reciprocal of —3, or }. We substitute } for m, 
2 for x, and —4 for y, in the point-slope equation: 

y~ CO =3e-2 
y+4=3x-3 


ss ea 
Y= 3X 3: 


Using y — y1 = m(x — x1) 


Line perpendicular to the 
given line and passing 
through (2, —4) 


Objective 2.6c Find an equation of a line when two points are given. 


Practice Exercise 


17. Find an equation of the line containing the points 
(—2,7) and (4, —3). 


Objective 2.6d Given a line and a point not on the given line, find an equation of the line parallel to the line 
and containing the point, and find an equation of the line perpendicular to the line and 


Practice Exercises 


18. Write an equation of the line containing the point 
(2, —5) and parallel to 4x — 3y = 6. 


19. Write an equation of the line containing (2, —5) and 
perpendicular to 4x — 3y = 6. 
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Review Exercises 


1. Show that the ordered pairs (0,—2) and (—1,—5) are 
solutions of the equation 3x — y = 2. Then use the 


graph of the two points to determine another solution. 


Answers may vary. Show your work. [2.1a, b] 


Graph. [2.1c, d] 
2.y= —-3x + 2 


‘i 


=5-4-3-2-1,[ 123.45 x 


Se | 2 
23 
+4 
55 

3. = 3x =3 
A 

; 
5 
4 
3 
2 
1 

> 
-5-4-3-2-1,| 12345 Xx 

—_] 22 
+3. 
-4 
+5. 

4.y = |x - 3] 

a 
5 
4 
3 
2 
1 


> 
-5-4-3-2-1,| 12345 x 


5 y=3- x7 
“t 
5. 
4 
3 
2 
1 
= 
wor4rsr2rlyp bi 2 340505 x 
+2 
+3 
4 
+5: 
ee 


Determine whether each correspondence is a function. 
[2.2a] 


6. 3 


a — 
5 b eS 
7 Cc 3 Cc 
9 d 1a 
e 5 


Find the function values. [2.2b] 
8. g(x) = —2x + 5; g(0) and g(—1) 


9. f(x) = 3x2 — 2x + 7; f(0) and f(-1) 


10. Tuition Cost. The function C(t) = 309.2t + 3717.7 
can be used to approximate the average cost of tuition 
and fees for in-state students at public four-year 
colleges, where t is the number of years after 2000. 
Estimate the average cost of tuition and fees in 2010. 
That is, find C(10).  [2.2b] 


Source: U.S. National Center for Education Statistics 


Determine whether each of the following is the graph ofa 
function. [2.2d] 


11. y 12. y 
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13. For the following graph ofa function f, determine 
(a) f(2); (b) the domain; (c) all x-values such that 
f(x) = 2; and (d) the range. = [2.3a] 


> 
574737271) 123 45 Ba 


Find the domain. 


5 


14, f(x) = Al 


[2.3a] 


15. g(x) =x — x? 


Find the slope and the y-intercept. [2.4a, b] 
16. y = —3x + 2 17. 4y + 2x = 8 


18. Find the slope, if it exists, of the line containing the 


Graph using the slope and the y-intercept. [2.5b] 
21. g(x) = —§x-4 22. f(x) =3x+3 


VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,| 12345 % -5-4-3-2-1,| 12345  % 
+2 -2 
+3 £3 
+4 +4 
45 +5 
Graph. [2.5c] 
23. x = -3 24. f(x) =4 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,| 12345 % -5-4-3-2-1,| 123.45 9% 
+2 +2 
+3 +3 
-4 -4 
+5 55 


Determine whether the graphs of the given pair of lines are 


points (13,7) and (10,—4). [2.4b] 
Find the intercepts. Then graph the equation. [2.5a] 
19. 2y+x=4 
YH 
5 
< x-intercept 4 
3 
< y-intercept ' 
—5-4-3-2-1,| 12.3 4 5 
-2 
-3 
-4 
-5 
20. 2y = 6 — 3x 
YA 
5 
< x-intercept 4 
3 
< y-intercept : 
—5-4-3-2-1,] 12.3.4 5 
, a Cn. +2. 
-3 
-4 
-5 


parallel or perpendicular. [2.5d] 
25. y+5= —-x, 26. 3x — 5 = 7y, 
x-y=2 7y-3x=7 
27. 4y + x = 3, 28. x = 4, 
2x + By = yes 


29. Find a linear function f(x) = mx + b whose graph has 
the given slope and y-intercept: [2.6a] 


slope: 4.7; y-intercept: (0, —23). 


30. Find an equation of the line having the given slope and 
containing the given point: [2.6b] 


m= —3; (3,—5). 
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31. Find an equation of the line containing the given pair 
of points: [2.6c] 


(—2,3) and (-4,6). 


32. Find an equation of the line containing the given point 
and parallel to the given line: [2.6d] 


(14,-1); 5x + 7y = 8. 


33. Find an equation of the line containing the given point 
and perpendicular to the given line: [2.6d] 


(5,2); 3x+y=5. 


34. Records in the 400-Meter Run. The table below shows 
data regarding the world indoor records in the men’s 
400-mrun. [2.6e] 


RECORDS IN THE 400-M RUN 
(in seconds) 


2004 44.63 


1. Under what conditions will the x-intercept and the 
y-intercept of a line be the same? What would the 
equation for such a line look like? = [2.5a] 


2. Explain the usefulness of the concept of slope when 
describing aline. [2.4b, c], [2.5b], [2.6a, b, c, d] 


3. A student makes a mistake when using a graphing 
calculator to draw 4x + 5y = 12 and the following 
screen appears. Use algebra to show that a mistake has 
been made. What do you think the mistake was? [2.4b] 


Understanding Through Discussion and Writing 


a) Use the two data points to find a linear function that 
fits the data. Let x = the number of years since 1970 
and R(x) = the world record x years from 1970. 

b) Use the function to estimate the world record in the 

men’s 400-m run in 2008 and in 2010. 


35. What is the domain of f(x) = . : 3, [2.3a] 
A. [—3, 00) B. (—%,0) U (0,2) U (2,00) 
C. (—00,2) U (2,00) D. (—3, 00) 


36. Find an equation of the line containing the point 
(—2,1) and perpendicular to 3y — 5X = 0. [2.6d] 


1 
A. 6x + y= —-11 Bey ose ait 


1 
D. 2x +=-=0 


CG. y = -2x — 
y x-— 3 3 


Synthesis 


37. Homespun Jellies charges $2.49 for each jar of 
preserves. Shipping charges are $3.75 for handling, plus 
$0.60 per jar. Find a linear function for determining the 
cost of buying and shipping x jars of preserves. [2.6e] 


4. Computer Repair. The cost R(t), in dollars, of 
computer repair at PC Pros is given by 


R(t) = 50t + 35, 
where fis the number of hours that the repair requires. 


Determine m and b in this application and explain 
their meaning. [2.6e] 


5. Explain why the slope of a vertical line is not defined 
but the slope of a horizontal lineis 0. [2.5c] 


6. A student makes a mistake when using a graphing 
calculator to draw 5x — 2y = 3 and the following screen 
appears. Use algebra to show that a mistake has been 
made. What do you think the mistake was? [2.4b] 


—10 
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For Extra Help 


Test 4 Te st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
9) test rep on DVD, in MyMathiab _ and on Youffiij: (search “BittingerInterAlgPB” and click on “Channels”). 


Determine whether the given points are solutions of the equation. 


Ib (2=He ya B= aur 2 (2=9" Bo= a= 0 
Graph. 
3 
3.y=-2x-5 4. f(x) = —Ex 5. g(x) = 2 — |x| 
VA VA 
YA : 
5) : L5 
al 2 Gillen 4 
3 4 3 
2 3 2 
1 2 Hl 
0-9-1, || 11 BS a BS a2 2 ee fe eS eee soa | LAS 25. = 
aera eal americas ee 22S E ane os % dat Soe Dons Bol 
=7) ae 
3 v2 26} 
=f 73 +4 
$5 r4 coi} 
£5 
4 
DU es 7. y = f(x) = -3 8. 2x = —4 
y ZN 
YA : 
5 5 
5 OR Gear one 4 
aeetlh a melee 
3). 2 2 
2 al Tee 
: 1 : : —— 
: a on ee 2 TS747385251)).1.2.3 4.5. % 
'—5-4-3-2-1,| 12345  % as 
: : ee : : Lo : Lo 
=) 8) #3 
+3 +4 +4 
=A $5 Pao 
£5 


9. Median Age of Cars. The function 
A(t) = 0.233t + 5.87 


can be used to estimate the median age of cars in the United States t years after 1990. (In this context, we mean that if the 
median age of cars is 3 yr, then half the cars are older than 3 yr and half are younger.) 

Source: The Polk Co. 

a) Find the median age of cars in 2002. 

b) In what year was the median age of cars 7.734 yr? 


Determine whether each correspondence is a function. 


10. cat dog 11. Lake Placid 1980 
fish worm Oslo 1976 
dog cat Squaw Valley 1960 
tiger fish Innsbruck 1952 
teacher —_> student 1932 

Find the function values. 

12. f(x) = —3x — 4; f(0) andf(—2) 13. g(x) =x2+7; g(0)andg(-1) 
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Determine whether each of the following is the graph ofa Find the domain. 


function. 8 
= Se 
14. y 15. y 16. f(x) = See elo FAE5)) = 1 — se 
x x 
18. For the following graph of function f, determine (a) f(1); Find the slope and the y-intercept. 
(b) the domain; (c) all x-values such that f(x) = 2; and 19. f(x) = - : pee 
(d) the range. 


YA 
5 
4 Hi 
3 
i Hs) leas 
f 
Ss Al, ayy = 235 = 7 
Seed ee 


Find the slope, if it exists, of the line containing the following points. 
Pile (=2;=2)) etaval (6,8) 22. (—3.1,5.2) and (—4.4,5.2) 


23. Find the slope, or rate of change, of the graph at right. uN 


Total distance traveled 
(in kilometers) 
co 


Ss 
ONS HOM SS 20525530) 


Time (in minutes) 


24. Find the intercepts. Then graph the equation. 25. Graph using the slope and the y-intercept: 
2x + 3y=6 2 
_ fia ae 1 
yy, 
5 YA 
< x-intercept a 5 
3 
4 
< y-intercept i 3 
2 
ee 1 
=5-4-3-2-1,| 1.2.3.4 5 > % 
#2 2 an oe ee 
+3 ia 
i4 43 
+5 i4 
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Determine whether the graphs of the given pair of lines are parallel or perpendicular. 


26. 4y + 2 = 3x, 
ope ar Ch 


28. Find an equation of the line that has the given 
characteristics: 


slope: —3; y-intercept: (0, 4.8). 


30. Find an equation of the line having the given slope and 
containing the given point: 
1 lee: a Ota 


32. Find an equation of the line containing the given point 
and parallel to the given line: 


Cl=p a= 27 = &, 


34. Median Age of Men at First Marriage. The table below 
lists data regarding the median age of men at first mar- 
riage in 1970 and in 2007. 


MEDIAN AGE OF MEN AT 


FIRST MARRIAGE 


1970 23.2 
2007 Poll 


SOURCE: U.S. Census Bureau 


a) Use the two data points to find a linear function that 
fits the data. Let x = the number of years since 1970 
and A = the median age at first marriage x years 
from 1970. 

b) Use the function to estimate the median age of men 
at first marriage in 2008 and in 2015. 


Synthesis 


36. Find k such that the line 3x + ky = 17 is perpendicular 
to the line 8x — 5y = 26. 
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(4s WS =250 ap &), 
2y-x=6 


29. Find a linear function f(x) = mx + b whose graph has 
the given slope and y-intercept: 


slope: 5.2; y-intercept: (0, —3). 


31. Find an equation of the line containing the given pair of 
points: 


(4,-6) and (—10,15). 


33. Find an equation of the line containing the given point 
and perpendicular to the given line: 


(Ae sear Sy = 2, 


35. Find an equation of the line having slope —2 and 
containing the point (3, 1). 
AN, = ll = Yee = 8})) B 
G 2= l= =27 = 8) D. 


37. Find a formula for a function f for which f(—2) = 3. 
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1. Records in the 1500-Meter Run. The table below lists 
data regarding the world indoor records in the men’s 
1500-m run in 1950 and in 2004. 


RECORDS IN THE 1500-M RUN 
(in minutes) 


1950 3.85 
2004 3.50 


a) Use the two data points to find a linear function that 
fits the data. Let x = the number of years since 1950 
and R(x) = the world record x years from 1950. 

b) Use the function to estimate the world record in the 
1500-m run in 2008 and in 2010. 


2. For the graph of function fshown below, determine 
(a) f(15); (b) the domain; (c) all x-values such that 
f(x) = 14; and (d) the range. 


YA 
16 |: : 
10 | Pee beebone! 
Bes 


2 


: fe ahs 
OS LOM Se20R2Z55S0ie 


Solve. 


3.x + 9.4 = —-12.6 ae ee ee 
. : : 3 5 


10. 


. —2.4t = —48 


.3n— (4n—- 2) =7 


6. 4x + 7= —-14 


8. 5y — 10 = 10 + 5y 


. Solve W = Ax + By for x. 


Solve M = A + 4AB for A. 


Solve. 


1, 12 5 


13. 


14. 


15. 


17. 


19. 


20. 


21. 


4s Oe = 7 << Ae — 8} 


il = 250) sr 38 < 2(53 sp 39) 


Siar OS SOs ae B= I 


—-3<x+4=8 16. -8 = 2x-4=—-1 
|x| = 8 18. |y| > 4 

lax -1|=7 

Find an equation of the line containing the point (—4, —6) 


and perpendicular to the line whose equation is 
4y—x = 3. 


Find an equation of the line containing the point (—4, —6) 
and parallel to the line whose equation is 4y — x = 3. 
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Graph on a plane. 


Popa, WY = Pe ae 8) Bh oo = QP & 


24. 4x + 16=0 


S2eroI 


26. f(x) = Ext 1 27. g(x) = 5 — |x| 
YA 
y ores ee 
, : 5 
m eal aston tl 
ad i 3 
“3 : De. ne 
spdille Ee : eealeless ae 
cee ies : i : i come 
——_— —— = Sea |e ee 
oT ATsr2rt1y |Z. 38 4 8 x Lo ol : 
ae Zolli : a 
SANE 
2215) 


28. Find the slope and the y-intercept of —4y + 9x = 12. 


242 CHAPTER 2_ Graphs, Functions, and Applications 


29. Find the slope, if it exists, of the line containing the 
points (2,7) and (—1, 3). 


30. Find an equation of the line with slope —3 and 
containing the point (2, —11). 


31. Find an equation of the line containing the points (—6, 3) 
and (4, 2). 


Solve. 


32. Lot Dimensions. The perimeter of a lot is 80 m. The 
length exceeds the width by 6 m. Find the dimensions. 


33. Salary Raise. After David receives a 20% raise in salary, 
his new salary is $27,000. What was the old salary? 


Synthesis 


34. Which pairs of the following four equations represent 
perpendicular lines? 
(1) 7y — 3x = 21 
(2) she = Hy = 12 
(3) 7y + 3x = 21 
(4) 3y + 7x = 12 


35. Radio Advertising. Wayside Auto Sales discovers that 
when $1000 is spent on radio advertising, weekly sales 
increase by $101,000. When $1250 is spent on radio ad- 
vertising, weekly sales increase by $126,000. Assuming 
that sales increase according to a linear equation, by 
what would sales increase when $1500 is spent on radio 
advertising? 


36. Solve: x + 5 < 3x -—-7=x+ 13. 
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CHAPTER 


Systems of Equations in 
Two Variables 


Solving by Substitution 
Solving by Elimination 


Solving Applied Problems: 
Two Equations 


TRANSLATING FOR SUCCESS 
MID-CHAPTER REVIEW 


Systems of Equations in 
Three Variables 


Solving Applied Problems: 
Three Equations 

3.7 Systems of Inequalities in 
Two Variables 


VISUALIZING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 

CUMULATIVE REVIEW 


To stimulate the economy in his town of Brewton, Alabama, in 2009, Danny Cottrell, 
co-owner of The Medical Center Pharmacy, gave each of his full-time employees 
$700 and each part-time employee $300. He asked that each person donate 15% to 

a charity of his or her choice and spend the rest locally. The money was paid in 

$2 bills, a rarely used currency, so that the business community could easily see how 
the money circulated. Cottrell gave away a total of $16,000 to his 24 employees. How 
many full-time employees and how many part-time employees were there? 


This problem appears as Example 7 in Section 3.3. 
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SKILL TO REVIEW 
Objective 2.1c: Graph linear 
equations using tables. 


Graph. 


Tass. & 


Answers 


Skill to Review: 
Le ogee 
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We can solve many applied problems more easily by translating them to two 
or more equations in two or more variables than by translating to a single 
equation. Let’s look at such a problem. 


Mother’s Day Spending. Mother’s Day 
ranks fourth in spending in the United States 
behind the winter holidays, back-to-school 
buying, and Valentine’s Day. About $15.8 bil- 
lion was spent to celebrate Mother’s Day in 
2008. Of this amount, a total of $5 billion was 
spent on meals in restaurants and flowers. 
The amount spent on restaurant meals was 
$1 billion more than the amount spent on 
flowers. How much was spent on each? 
Source: National Retail Association 


To solve, we first let 


x = the amount spent on restaurant 
meals, and 


y = the amount spent on flowers, 


where x and y are in billions of dollars. The problem gives us two statements 
that can be translated to equations. 
First, we consider the total amount spent on meals and flowers: 


Amount spent Amount spent Total amount 
on meals plus onflowers is spent 


a. oe ee 


The second statement compares the two different amounts spent: 


Amount spent $1 billion more than 
on meals is amount spent on flowers 
x = yl. 


We have now translated the problem to a pair, or system, of equations: 
x+y=5, 
x=ytl. 
A solution of a system of two equations in two variables is an ordered 


pair that makes both equations true. If we graph a system of equations, the 
point at which the graphs intersect will be a solution of both equations. 


Systems of Equations 


We graph the equations listed on the preceding page. 


We see that the graphs intersect at the point (3, 2)—that is, x = 3 andy = 2. 
These numbers check in the statement of the original problem. This tells us 
that $3 billion was spent on restaurant meals and $2 billion was spent on 
flowers. 


Solving Systems of Equations 
Graphically 


As we have just seen, we can solve systems of equations graphically. 


One Solution 


EXAMPLE 1 Solve this system graphically: 
y-x=1, 
yrx=3. 
We draw the graph of each equation using any method studied in 
Chapter 2 and find the coordinates of the point of intersection. 
eh Solve each system graphically. 
eS ye— ale 


ween Jo ee i solutions 3x + p= 1 


The common point gives 
the common solution. 


Sc — All points give solutions 


ofy+x=3. 
-5 
2.y 
y 
The point of intersection has coordinates that make both equations true. 
The solution seems to be the point (1, 2). However, solving by graphing may 
give only approximate answers. Thus we check the pair (1, 2) in both equations. 
Check: y-x= ytx=3 
25 1¢ 1 pan a | 
1 | TRUE 3.| TRUE 
The solution is (1, 2). ) 
Answers 


Do Exercises 1 and 2. 1. (0,1) 2. (21) 
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Calculator Corner 


Solving Systems of Equations We can solve a system of two equations in two variables using a graphing calculator. 
Consider the system of equations in Example 1: 


y-x=1, 
y+tx=3. 
First, we solve the equations for y, obtaining y = x + land y = —x + 3.Next, we enter y, = x + land y2 = —x + 3onthe 


equation-editor screen and graph the equations. We can use the standard viewing window, [ —10, 10, —10, 10]. 

We will use the INTERSECT feature to find the coordinates of the point of intersection of the lines. To access this feature, we press 
GD" @).. (CALC is the second operation associated with the key.) The query “First curve?” appears on the graph screen. The 
blinking cursor is positioned on the graph of y,. We press @ggp to indicate that this is the first curve involved in the intersection. Next, the 
query “Second curve?” appears and the blinking cursor is positioned on the graph of y. We press Gp to indicate that this is the second 
curve. Now the query “Guess?” appears. We use the ) and © keys to move the cursor close to the point of intersection or we enter an 
x-value close to the first coordinate of the point of intersection. Then we press @ugp. The coordinates of the point of intersection of the 
graphs, x = 1, y = 2, appear at the bottom of the screen. Thus the solution of the system of equations is (1, 2). 


yaxtly=-x+3 


Intersection 
X=1 Y=2 


Exercises: Use a graphing calculator to solve each system of equations. 


lLx+y=5, 2y=xt+3, 3.x -y=-6, 4.x+ 4y=-l, 
y=xr+1 2x-y=-7 y=2x+7 x-y= 


No Solution 


Sometimes the equations in a system have graphs that are parallel lines. 


' EXAMPLE 2 Solve graphically: 


f(x) = -3x + 5, 
g(x) = —3x - 2. 


Note that this system is written using function notation. We graph the 
functions. The graphs have the same slope, —3, and different y-intercepts, so 
they are parallel. There is no point at which they cross, so the system has no 
solution. No matter what point we try, it will not check in both equations. The 
solution set is thus the empty set, denoted © or { }. ) 


ff) = -3x+5 


g(x) = -3x-2 
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CONSISTENT SYSTEMS AND 3. Solve graphically: 
INCONSISTENT SYSTEMS cee 


y+ 2x = -4, 


If a system of equations has at least one solution, it is consistent. 


If a system of equations has no solution, it is inconsistent. 


The system in Example 1 is consistent. The system in Example 2 is 
inconsistent. 


Do Exercises 3 and 4. 


4. Classify each of the systems in 


— . Margin Exercises 1-3 as 
Infinite! y Man y Solutions consistent or inconsistent. 


Sometimes the equations in a system have the same graph. In such a case, the 
equations have an infinite number of solutions in common. 


EXAMPLE 3 Solve graphically: 
3y — 2x = 6, 
—1l2y + 8x = —24. 


We graph the equations and see that the graphs are the same. Thus any 
solution of one of the equations is a solution of the other. Each equation has 
an infinite number of solutions, two of which are shown on the graph. 


VA 


—12y+ 8x= -24 


123465 i: x 


We check one such solution, (0,2), which is the y-intercept of each 


equation. 
Check: 3y — 2x =6 —12y + 8x = —24 
3(2) — 2(0) ? 6 —12(2) + 8(0) ? —24 
6-0 —24+ 0 
6 TRUE —24 TRUE 


On your own, check that (3, 4) is a solution of both equations. If (0, 2) 
and (3,4) are solutions, then all points on the line containing them will be 
solutions. The system has an infinite number of solutions. 


Answers 


3. Nosolution 4. Consistent: Margin 
Exercises 1 and 2; inconsistent: Margin 
Exercise 3 
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5. Solve graphically: 
2x — 5y = 10, 


—6x + 15y = —30. 


6. Classify the equations in Margin 
Exercises 1, 2, 3, and 5 as 
dependent or independent. 


Answers 


5. Infinitely many solutions 


6. Independent: Margin Exercises 1, 2, and 3; 


dependent: Margin Exercise 5 
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CHAPTER 3 


Ox Algebraic-Graphical Connection 


DEPENDENT EQUATIONS AND 
INDEPENDENT EQUATIONS 


If a system of two equations in two variables: 
has infinitely many solutions, the equations are dependent. 
has one solution or no solutions, the equations are independent. 


When we graph a system of two equations, one of the following three 
things can happen. 


2y=6x+4 


One solution. No solution. Infinitely many solutions. 
Graphs intersect. Graphs are parallel. Equations have the same 

The system is consistent The system is inconsistent graph. The system is consistent 
and the equations are and the equations are and the equations are 
independent. independent. dependent. 


Let’s summarize what we know about the systems of equations in Exam- 
ples 1-3. The system in Example 1 has exactly one solution, and the system 
in Example 3 has an infinite number of solutions. Since each system has at 
least one solution, both systems are consistent. The system of equations in 
Example 2 has no solution, so it is inconsistent. 

The system of equations in Example 1 has exactly one solution, and the 
system in Example 2 has no solutions. Thus the equations in each of these 
systems are independent. In a system of equations with infinitely many 
solutions, the equations are dependent. This tells us that the equations in 
Example 3 are dependent. In a system with dependent equations, one equa- 
tion can be obtained by multiplying the other equation by a constant. 


Do Exercises 5 and 6. 


To bring together the concepts of Chapters 1-3, let’s look at equation 
solving from both algebraic and graphical viewpoints. 

Consider the equation —2x + 13 = 4x — 17. Let’s solve it 
algebraically as we did in Chapter 1: 


2x + 13 = 4x —- 17 
13 = 6x —- 17 Adding 2x 
30 = 6x Adding 17 
5 =x. Dividing by 6 


Systems of Equations 


Could we also solve the equation graphically? The answer is yes, as we 
see in the following two methods. 


METHOD 1: Solve —2x + 13 = 4x — 17 graphically. 
We let f(x) = —2x + 13 and g(x) = 4x — 17. Graphing the system 
of equations, we get the graph shown below. 


g(x) = 4x-17 


(5, 3) 


-1,, 123 89x 


fl) = —2x+ 13 


The point of intersection of the two graphs is (5,3). Note that 
the x-coordinate of this point is 5. This is the value of x for which 
2x + 13 = 4x — 17, so itis the solution of the equation. 


Do Exercises 7 and 8. 


METHOD 2: Solve —2x + 13 = 4x — 17 graphically. 

Adding —4x and 17 on both sides, we obtain an equation with 0 
on one side: —6x + 30 = 0. This time we let f(x) = —6x + 30 and 
g(x) = 0. Since the graph of g(x) = 0, or y = 0, is the x-axis, we need 
only graph f(x) = —6x + 30 and see where it crosses the x-axis. 


fi) = -6x+ 30 


w 
1 
1h oh a 


1 
w 
n 
‘ie (aus) a | 


Note that the x-intercept of f(x) = —6x + 30 is (5,0), or just 5. This 


x-value is the solution of the equation —2x + 13 = 4x — 17. 


Do Exercise 9. 


Let’s compare the two methods. Using Method 1, we graph two 


functions. The solution of the original equation is the x-coordinate of 
the point of intersection. Using Method 2, we graph one function. The 
solution of the original equation is the x-coordinate of the x-intercept 


of the graph. 


| Do Exercise 10. 


3.1 


MV, 
(ay 


7. a) Solvex + 1 = ax algebraically. 


b) Solve x + 1 = $x graphically 
using Method 1. 


8. Solve Ax + 3 = 2 graphically 
using Method 1. 


9. a) Solve x + 1 = $x graphically 
using Method 2. 
b) Compare your answers to 
Margin Exercises 7(a), 7(b), 
and 9(a). 


10. Solve }x + 3 = 2 graphically 
using Method 2. 


Answers 


7. (a) —3; (b) thesame:-3 8. —2 
9. (a) —3; (b) Allare—-3. 10. —2 
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3.1 | Exercise Set 


Solve each system of equations graphically. Then classify the system as consistent or inconsistent and the equations as 
dependent or independent. Complete the check for Exercises 1-4. 


PRACTICE WATCH DOWNLOAD READ REVIEW 


For Extra Help | (nm 
MyMathLab |) 20 Le 


lLxt+y=4, Check: x+y=4 2.x-y=3, Check: x—-y=3 
—<—[—$=— = —<—<—<—+ J — 
x-y= 2 xt+ty=5 2 
YA | YA | 
5 x-y= 4 cy = 5 
4 =, A, — 4 oe 
3 2 3 2 
2 | 2 | 
1 1 
> > 
—5—4-3-2-1,| 123.45  % -5-4-3-2-1,| 123.45 9% 
19 =2 
3 =3 
4 4 
5 —5 
3. 2x —y=4, Check: 2x—-y=4 4. 3x+y=5, Check: 3x +y=5 
2x + 3y = -4 2 x-2y=4 2 
vA | y | 
> 2x + 38y = —4 2 x-2y=4 
4 4 —_— 
3 ra 3 ° 
2 | 2 | 
1 1 
> 
-5-4-3-2-1,| 12345 °% -5-4-3-2-1,[.123.45 > % 
Lo =2 
13 =3 
LA -4 
15 =5 
5. 2x + y= 6, 6. 2y = 6 —- x, Wef(ky Hx = 1, 8 f(x) =x+ 1, 
3x + 4y = 4 3x — 2y = 6 g(x) = -2x +5 g(x) = 3x 
y YA yy, YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 12 2 2 
1 1 1 1 
(-5-4-3-2-1,] 123.45 cs -5-4-3-2-1,| 1 2.3 4 5 a —5-4-3-2-1,] 1.2.3.4 5 x -5—4-3-2-1,| 1 2.3 4 5 is 
-2 “2 2 +2 
+3 -3 +3 “3 
“4 “4 “4 4 
-5 5 -5 -5 


Copyright © 2011 Pearson Education, Inc. 


250 CHAPTER 3 __ Systems of Equations 


9. 2u + v = 3, 10. 2b + a=11, 11. f(x) = —4x - 1, 12. f(x) = —j}x +1, 
= = _4 1 
2u=v+7 a-b=5 g(x) =3x—-6 g(x) = 5x -— 2 
Ur bh yA YA 
5 10 5 5 
4 8 4 4 
3 6 3 3 
2 4 2 2 
1 2 1 1 
> > = 
-5-4-3-2-1,[ 12345 4 -10-8-6-4-2,,] 2.4.6 810 @ -5-4-3-2-1,[ 123 4 5 -5-4-3-2-1,| 123.45 | % 
-2 -4 -2 +2 
-3 -6 “3 “3 
“4 -8 4 14 
5 -10 “5 “5 
13. 6x — 2y = 2, 14.y-—x=5, 15. 2x — 3y = 6, 16.y=3-x, 
9x -— 3y= 1 2x — 2y = 10 3y — 2x = -6 2x + 2y=6 
VA VA VA y 
5 5 5 25 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 ol 
-5-4-3-2-1,| 123 4 5 a -5-4-3-2-1,[ 12345 x -5—4-3-2-1,| 1 2.3.4 5 -5-4-3-2-1,[ 12345  % 
+2 “2 +2 “2 
43 43 “3 13 
-4 “4 “4 “4 
+5 “5 “5 +5 
17. x = 4, 18. x = —3, 19.y=-x-1, 20. a+ 2b= -3, 
y=-5 y=2 4x — 3y = 17 b-a=6 
YA VA VA bh 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 no 2 2 
bl 1 1 1 
> > 
-5-4-3-2-1,| 1.2.3.4.5 3 x ~5-4-3-2-1,[ 12345 x -5-4-3-2-1,| 1 23 4 5 ~5-4-3-2-1,/ 12345 4a 
=2 £2 2 2 
=3 +3 +3 -3 
-4 -4 -4 v4 
£5 =5 £5 -5 
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Matching. Each of Exercises 21-26 shows the graph of a system of equations and its solution. First, classify the system as 
consistent or inconsistent and the equations as dependent or independent. Then match it with one of the appropriate systems 
of equations (A)-(F), which follow. 


21. Solution: (3, 3) 22. Solution: (1, 1) 23. Solutions: Infinitely many 


y 


x 


24. Solution: (4, —3) 25. Solution: No solution 


A. 3y — x = 10, B. 9x — 6y = 12, C. 2y — 3x = —1, 
x=-y+2 y=5x-2 x+4y= 

Dx+y=4, E.jx+y=-l, FB. x = 3, 
y=-x-2 V== aoe 


Skill Maintenance 


Solve. [1.1d] 

27.3x+4=x-2 28. $x+2=2x-5 

29. 4x — 5x = 8x —9 + llx 30. 5(10 — 4x) = —3(7x — 4) 
Synthesis 


laws Use a graphing calculator to solve each system of equations. Round all answers to the nearest hundredth. You may need to 
solve for y first. 


31. 2.18x + 7.8ly = 13.78, 32. f(x) = 123.52x + 89.32, 
5.79x — 3.45y = 8.94 g(x) = —89.22x + 33.76 
Solve graphically. 
33. y = |x|, 34.x-y=0, 
x+ 4y= 15 y= x? 
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Consider this system of equations: hoslecicia tt 


5x + 9y = 2, 
4x — 9y = 10. 


What is the solution? It is rather 
difficult to tell exactly by graphing. 
It would appear that fractions are 
involved. It turns out that the 
solution is 


Solving by graphing, though useful in many applied situations, is not al- 
ways fast or accurate in cases where solutions are not integers. We need tech- 
niques involving algebra to determine the solution exactly. Because they use 
algebra, they are called algebraic methods. 


(a) The Substitution Method 


One nongraphical method for solving systems is known as the substitution 
method. 


EXAMPLE 1 


x+y=4, (1) 
x=yrl. 


Solve this system: 


Equation (2) says that x and y + 1 name the same number. Thus we can 
substitute y + 1 for x in equation (1): 


x+y=4 
(y+ 1)+y=4. 


Equation (1) 
Substituting y + 1 for x 


Since this equation has only one variable, we can solve for y using methods 
learned earlier: 


(y+1)+y=4 
2y+1=4 Removing parentheses and collecting like terms 
2y=3 Subtracting 1 
y= 3, Dividing by 2 


We return to the original pair of equations and substitute 3 for y in either 
equation so that we can solve for x. Calculation will be easier if we choose 
equation (2) since it is already solved for x: 


x=ytl Equation (2) 

x=3+1  — Substituting} for y 
—_ 3 2 _ 5 

X=5T5=3- 


We obtain the ordered pair (6, 3), Even though we solved for y first, it is still 
the second coordinate since x is before y alphabetically. We check to be sure 
that the ordered pair is a solution. 


SKILL TO REVIEW 
Objective 1.1d: Solve equations 
using the addition principle and the 
multiplication principle together, 
removing parentheses where 
appropriate. 


Solve. 
1. 3y-4=2 
2.2(x+1)+5=1 


STUDY TIPS 


TUNE OUT DISTRACTIONS 
Do you usually study in noisy 
places? If there is constant noise in 
your home, dorm, or other study 


area, consider finding a quiet 
place in the library—preferably a 
spot that is away from the main 
traffic areas so that distractions 
are kept to a minimum. 


Answers 


Skill to Review: 
ee (25°33 
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Solve by the substitution method. 


lx+y=6, 
ay 85 ap 


Coy = 1 = a5 
2x-y=8 
(Caution: Use parentheses 
when you substitute, being 
careful about removing them. 
Remember to solve for both 
variables.) 


Solve by the substitution method. 
3.2y+x=1, 
y- 2x=8 


4. 8x — 5y = 12, 
XateesVa— es 


= Calculator Corner 


Solving Systems of 
Equations Use the INTERSECT 
feature to solve the systems of equations 
in Margin Exercises 1-4. (See the Calcula- 
tor Corner on p. 246 for the procedure.) 
XM S 


Answers 


1. (2,4) 2. (5,2) 3. (-3,2) 
4. (-1,-4) 


Check: xt+y= x=ytl 
5439 5 9 3 
+5 %4 ao gt 
8 342 
2 2 2 
4 TRUE 3 TRUE 


Since (3, 3) checks, it is the solution. 
Even though exact fraction solutions 
are difficult to determine graphically, 

a graph can help us to visualize whether 
the solution is reasonable. 


Do Exercises 1 and 2. 


Suppose neither equation of a pair has a variable alone on one side. We 
then solve one equation for one of the variables. 


EXAMPLE 2 Solve this system: 


2x + y= 6, (1) 
3x+4y=4. (2) 


First, we solve one equation for one variable. Since the coefficient of y is 
1 in equation (1), it is the easier one to solve for y: 


y=6 - 2x. (3) 


Next, we substitute 6 — 2x for yin equation (2) and solve for x: 


3x + 4(6 — 2x) =4 Substituting 6 — 2x 
for y 

Caution! 3x + 24- 8x =4 Multiplying to 
Remcaiierieaice remove parentheses 
parentheses when you 24-54 =4 Collecting like terms 

substitute. Then remove —5x = —20 Subtracting 24 

them properly. aes 
x=A. Dividing by —5 


In order to find y, we return to either of the original equations, (1) or (2), or 
equation (3), which we solved for y. It is generally easier to use an equation 
like (3), where we have solved for the specific variable. We substitute 4 for x in 
equation (3) and solve for y: 


y=6- 2x =6- 2(4)=6- 8=-2. 
We obtain the ordered pair (4, —2). 


Check: 2x+y=6 3x + 4y=4 
2(4) + (-2) 26 3(4) + 4(-2) 2.4 
§ -2 12-8 
6 TRUE 4 TRUE 
Since (4, —2) checks, it is the solution. ) 


Do Exercises 3 and 4. 
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| EXAMPLE 3 Solve this system of equations: 


y=-3x+5, (1) 
Y= 53x — 2: (2) 


We solved this system graphically in Example 2 of Section 3.1. We found 
that the graphs are parallel and the system has no solution. Let’s try to solve 


this system algebraically using substitution. 5. a) Solve this system of 

We substitute —3x — 2 for yin equation (1): equations algebraically using 

as substitution: 
—3x—2=-3x+5 Substituting —3x — 2 fory eee 
—2=5. Adding 3x ype 
We have a false equation. The equation has no solution. (See also Example 17 b) Check your answer in part (a) 
of Section 1.1.) with the one you found 
graphically in Margin 


Do Exercise 5. Exercise 3 of Section 3.1. 


(b) Solving Applied Problems Involving 
Two Equations 


Many applied problems are easier to solve if we first translate to a system of 
two equations rather than to a single equation. Here we will solve a few prob- 
lems that can be solved using substitution. Section 3.4 is devoted entirely to 
applied problems. 


{ EXAMPLE 4 Architecture. The architects who designed the John Han- 
cock Building in Chicago created a visually appealing building that slants on 
the sides. The ground floor is a rectangle that is larger than the rectangle 
formed by the top floor. The ground floor has a perimeter of 860 ft. The length 
is 100 ft more than the width. Find the length and the width. 


1. Familiarize. We first make a 
drawing and label it, using 
1 for length and w for width. 
We recall or look up the 
formula for perimeter: 
P= 21+ 2w. This formula 
can be found at the back 
of this book. 


2. Translate. We translate as follows: 


The perimeter is 860 ft. 


y 


21+ 2w = 860. 


We can also write a second equation: 


100 ft more than 
The length is the width. 


l - w + 100. 
We now have a system of equations: 
21 + 2w = 860, (1) 


= w+ 100. (2) 


Answers 


5. (a) No solution; (b) the same—no solution 
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3. Solve. We substitute w + 100 for /in equation (1): 


6. Architecture. The top floor of 
the John Hancock Building is 
also a rectangle, but its perimeter 
is 520 ft. The width is 60 ft less 
than the length. Find the length 
and the width. 


2(w + 100) + 2w = 860 Substituting in equation (1) 
2w + 200 + 2w = 860 Multiplying to remove parentheses 
on the left 
4w + 200 = 860 Collecting like terms 
4w = 660 : 
Solving for w 
w = 165. 


Next, we substitute 165 for win equation (2) and solve for /: 


= 165 + 100 = 265. 


4. Check. Consider the dimensions 265 ft and 165 ft. The length is 100 ft 


more than the width. The perimeter is 2(265 ft) + 2(165 ft), or 860 ft. The 
dimensions 265 ft and 165 ft check in the original problem. 


5. State. The length is 265 ft, and the width is 165 ft. 


Do Exercise 6. 


STUDY TIPS 


PREPARING FOR AND TAKING TESTS 


Success on exams will increase when you put in place a plan of study. Here 
are some test-preparation and test-taking study tips. 


Make up your own test questions as you study. After you have done your 
homework on a particular objective, write one or two questions on 
your own that you think might be on a test. You will probably be sur- 
prised at the insight this will provide. 


Do an overall review of the chapter, focusing on the objectives and the 
examples. This should be accompanied by a study of any class notes you 
have taken. 


Do the exercises in the mid-chapter review and in the end-of-chapter 
review. Check your answers at the back of the book. If you have trou- 
ble with an exercise, use the objective symbol as a guide to go back and 
do further study of that objective. 


Take the chapter test at the end of the chapter. Check the answers and 
use the objective symbols at the back of the book as a reference for 
review. 


When taking a test, read each question carefully. Try to do all the questions 
the first time through, but pace yourself. Answer all the questions, and 

mark those to recheck if you have time at the end. Very often, your first 

hunch will be correct. 


Write your test in a neat and orderly manner. Doing so will allow you 
to check your work easily and will also help your instructor follow the 
steps you took in answering the test questions. 


Answer 
6. Length: 160 ft; width: 100 ft 
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; For Extra Help 
Exercise Set 


poeneeee P 
mahixy G an 7 
MyMathLab PRACTICE WATCH DOWNLOAD com REVIEW 
(a) Solve each system of equations by the substitution method. 
ly=5- 4x, 2.x = 8 — 4y, 
2x — 3y = 13 3x + 5y = 3 
3. 2y+x=9, 4. 9x — 2y = 3, 
x=3y-3 3x -6=y 
5. 3s — 4t = 14, 6 m- 2n=3, 
5s+ t=8 4m+ n= 
7. 9x — 2y = —6, 8. t= 4 — 2s, 
7x+8=y t+ 2s= 6 
9%. -S5s+ f= 11, 10. 5x + 6y = 14, 
4s + 12t=4 -3y+ x= 
Ll. 2x + 2y = 2, 12. 4p — 2q = 16, 
3x- y=l1 5p + 7q=1 
13. 3a- b=7, 14. 5x + 3y = 4, 
2a+ 2b=5 x—-4y=3 
15, 2x -3=y, 16. 4x + 13y=5, 
y-2x=1 -6x+ y=13 
(b) Solve. 


17. Racquetball Court. A regulation racquetball court has 18. 
a perimeter of 120 ft, with a length that is twice the 
width. Find the length and the width of such a court. 


Soccer Field. The perimeter of a soccer field is 340 m. 
The length exceeds the width by 50 m. Find the length 
and the width. 


a Court length ———————-}| 
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257 


19. Supplementary Angles. Supplementary angles are 
angles whose sum is 180°. Two supplementary angles 
are such that one angle is 12° less than three times the 
other. Find the measures of the angles. 


BG yy 


Supplementary angles: 
x+ y= 180° 


21. Hockey Points. At one time, hockey teams received 
two points when they won a game and one point when 
they tied. One season, a team won a championship with 
60 points. They won 9 more games than they tied. How 
many wins and how many ties did the team have? 


Skill Maintenance 


23. Find the slope of the line y = 1.3x — 7. [2.4b] 


25. Solve A = PT fox p. [1.2a] 


Solve. [1.1d] 
27. —4x + 5(x 


Synthesis 


29. Two solutions of y = mx + bare (1,2) and (—3, 4). Find 
mand b. 


31. Design. A piece of posterboard has a perimeter of 
156 in. If you cut 6 in. off the width, the length 
becomes four times the width. What are the 
dimensions of the original piece of posterboard? 
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20. 


22. 


24. 


26. 


28. 


30. 


32. 


Complementary Angles. Complementary angles are 
angles whose sum is 90°. Two complementary angles are 
such that one angle is 6° more than five times the other. 
Find the measures of the angles. 


x 


Complementary angles: 
x+y=90° 


Airplane Seating. An airplane has a total of 152 seats. 
The number of coach-class seats is 5 more than six 
times the number of first-class seats. How many of 
each type of seat are there on the plane? 


Simplify: —9(y + 7) — 6(y — 4). [R.6b] 


Find the slope of the line containing the points (—2, 3) 
and (—5,—4). [2.4b] 


12(2x — 3) = 16(4x — 5) 


Solve for x and y in terms of a and b: 

5x + 2y = 4, 

x-y=b. 
Nontoxic Scouring Powder. Anontoxic scouring 
powder is made up of 4 parts baking soda and 1 part 


vinegar. How much of each ingredient is needed for 
a 16-0z mixture? 
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(a) The Elimination Method 


The elimination method for solving systems of equations makes use of the 
addition principle for equations. Some systems are much easier to solve using 
the elimination method rather than the substitution method. 


EXAMPLE 1 Solve this system: 
2x — 3y = 0, (1) 
—4x+3y=-1. (2) 

The key to the advantage of the elimination method in this case is the 
—3y in one equation and the 3y in the other. These terms are opposites. If we 
add them, these terms will add to 0, and in effect, the variable y will have been 
“eliminated.” 

We will use the addition principle for equations, adding the same number 
on both sides of the equation. According to equation (2), —4x + 3y and —1 are 
the same number. Thus we can use a vertical form and add —4x + 3y to the 
left side of equation (1) and —1 to the right side: 

2x — 3y =0 (1) 
Ax By i (2) 
—2x + Oy=-1 Adding 
-2x+ 0=-1 
—2x=-1. 
We have eliminated the variable y, which is why we call this the elimination 


method.* We now have an equation with just one variable, which we solve 
for x: 


—2x=—-1 
oat 
Next, we substitute } for x in either equation and solve for y: 
23 5 — 3y=0 Substituting in equation (1) 
1-3y=0 
—3y=-1 Subtracting 1 
Y=3: Dividing by —3 
We obtain the ordered pair (3, 3). 


Check: 2x — 3y = 0 —4x + 3y = -1 
2(1) — 3(3) 20 =a) 284) 2 1 
a —2+1 
0 TRUE —l TRUE 


*This method is also called the addition method. 


SKILL TO REVIEW 
Objective 1.1d: Solve equations 
using the addition principle and the 
multiplication principle together, 
removing parentheses where 
appropriate. 


Solve. Clear the fractions or decimals 
first. 
1. 5x + ay = 2, 
gut gy=—2 
2. 0.5x — 0.3y = 3.4, 
0.3x + 0.4y = 0.3 


Answers 


Skill to Review: 
1. (-2,4) 2. (5, -3) 
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Since (3, 5) checks, it is the solution. We can also see this in the graph shown 
at left. ) 


Do Exercises 1 and 2. 


In order to eliminate a variable, we sometimes use the multiplication 


Solve by the elimination method. 


Ils 8 sp ay = IZ, 
—5x + 2y =3 


2, 80 + Bb = ©; 
3a — 4b = -1 


principle to multiply one or both of the equations by a particular number 
before adding. 


|! EXAMPLE 2 Solve this system: 


3x + 3y=15, (1) 
2x + 6y = 22. (2) 


If we add directly, we get 5x + 9y = 37, and we have not eliminated a vari- 
able. However, note that if the 3y in equation (1) were —6y, we could eliminate y. 
Thus we multiply by —2 on both sides of equation (1) and add: 


—6x — 6y = —30 Multiplying by —2 on both sides of equation (1) 
2x + 6y= 22 Equation (2) 


3. Solve by the elimination 


method: 
2y + 3x = 12, 


OY or Bee = 2, 


Answers 
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—-4x+ 0= -8 Adding 
-4x= —-8 
x=2. Solving for x 
Then 
2-2 + 6y = 22 Substituting 2 for x in equation (2) 
4+ 6y = 22 
6y = 18 Solving for y 
y=3. 
We obtain (2,3), or x = 2, y = 3. This checks, so it is the solution. We can also 
see this in the graph at left. ) 


Do Exercise 3. | 


Sometimes we must multiply twice in order to make two terms opposites. 


| EXAMPLE 3 Solve this system: 


2x + 3y = 17, (1) 
5x + 7y = 29. (2) 


We must first multiply in order to make one pair of terms with the same 
variable opposites. We decide to do this with the x-terms in each equation. We 
multiply equation (1) by 5 and equation (2) by —2. Then we get 10x and — 10x, 
which are opposites. 


From equation (1): 10x + 15y = 85 Multiplying by 5 
From equation (2): —10x — 14y = —58 Multiplying by —2 
0+ y= 27 Adding 


y=27 Solving for y 


Systems of Equations 


Then 


2x+3-27=17 Substituting 27 for y in equation (1) 


2x + 81 = 17 
2x = —64 Solving for x 
x = —32. 


We check the ordered pair (—32, 27). 


Check: 2x + 3y = 17 5x + 7y = 29 
2(—32) + 3(27) 2.17 5(—32) + 7(27) ? 29 
—64 + 81 —160 + 189 
aly TRUE 29 TRUE 
We obtain (—32, 27), orx = —32, y = 27, as the solution. ) 


| Do Exercises 4 and 5. 


Some systems have no solution, as we saw graphically in Section 3.1 and 
algebraically in Example 3 of Section 3.2. How do we recognize such systems 
if we are solving using elimination? 


EXAMPLE 4 Solve this system: 


yt 3x=5, (1) 
y+ 3x = -2. (2) 


If we find the slope—intercept equations for this system, we get 
y=—-3x + 5, 
Y= r3xK = 2. 


The graphs are parallel lines. 
The system has no solution. 


Let’s see what happens if we attempt to solve the system by the elimina- 
tion method. We multiply by —1 on both sides of equation (2) and add: 


yt 3x=5 Equation (1) 
—-y- 3x =2 Multiplying equation (2) by —1 
= 7, Adding, we obtain a false equation. 


The x-terms and the y-terms are eliminated and we have a false equation. 
Thus, if we obtain a false equation, such as 0 = 7, when solving algebraically, 
we know that the system has no solution. The system is inconsistent, and the 
equations are independent. 


Do Exercise 6. 


Solve by the elimination method. 


4. 4x + 5y = -8, 
fee ar Qiy = iil 


5. 4x — 5y = 38, 
7x — By = —22 


6. Solve by the elimination 


method: 
Vt 2Xt—"3, 
War 255 = =I, 
Answers 
4. (-127,100) 5. (—138, -118) 


6. No solution 
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Te 
8. 


7. Solve by the elimination 
method: 


2x — 5y = 10, 
=Gy¢ sp Ip —8i0), 


8. Clear the decimals. Then solve. 
0.02x + 0.03y = 0.01, 
0.3x — 0.ly = 0.7 
(Hint: Multiply the first equation 
by 100 and the second one by 10.) 


9. Clear the fractions. Then solve. 


i281 
5 3 3° 
yale 
4 3 4 


Answers 
Infinitely many solutions 
2x + 3y = 1, 
3x — y=7;(2,-1) 
9x + 10y = 5, 


9. 
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Some systems have infinitely many solutions. How can we recognize 
such a situation when we are solving systems using an algebraic method? 


EXAMPLE 5 Solve this system: 
3y — 2x = 6, (1) 
—12y + 8x = —24. (2) 
We see from the figure at left that the graphs are the same line. The system has 
an infinite number of solutions. 
Suppose we try to solve this system by the elimination method: 
l2y— 8x = 24 
—1l2y + 8x = —24 
0=0. 


Multiplying equation (1) by 4 
Equation (2) 


Adding, we obtain a true equation. 


We have eliminated both variables, and what remains is a true equation, 
0 = 0. It can be expressed as 0 - x + 0- y = 0, and is true for all numbers x 
and y. If an ordered pair is a solution of one of the original equations, then it 
will be a solution of the other. The system has an infinite number of solutions. 
The system is consistent, and the equations are dependent. 


When solving a system of two linear equations in two variables: 


1. Ifa false equation is obtained, such as 0 = 7, then the system has 
no solution. The system is inconsistent, and the equations are 
independent. 

2. Ifa true equation is obtained, such as 0 = 0, then the system has 
an infinite number of solutions. The system is consistent, and the 
equations are dependent. 


Do Exercise 7. 


When solving a system of equations using the elimination method, it 
helps to first write the equations in the form Ax + By = C. When decimals or 
fractions occur, it also helps to clear before solving. 


| EXAMPLE 6 Solve this system: 


0.2x + 0.3y = 1.7, 


tea Ja — 29 
7x 5y = 35 
We have 


Multiplying by 10 
> to clear decimals ———> 2x + 3y = 17, 
> Multiplying by 35 ——> 5x + 7y = 29. 
to clear fractions 


0.2x + 0.3y = 1.7, 


1 1 29 
7x 5Y = 35 


We multiplied by 10 to clear the decimals. Multiplication by 35, the least com- 
mon denominator, clears the fractions. The problem is now identical to 
Example 3. The solution is (—32, 27), or x = —32, y = 27. ) 


Do Exercises 8 and 9. 


Systems of Equations 


To use the elimination method to solve systems of two equations: 


1. Write both equations in the form Ax + By = C. 


Pp eS 


Clear any decimals or fractions. 
Choose a variable to eliminate. 


Make the chosen variable’s terms opposites by multiplying one or 


both equations by appropriate numbers if necessary. 


5. Eliminate a variable by adding the respective sides of the equations 


and then solve for the remaining variable. 


6. Substitute in either of the original equations to find the value of the 
other variable. 


Comparing Methods 


When deciding which method to use, consider this table and directions from 
your instructor. The situation is analogous to having a piece of wood to cut 
and three different types of saws available. Although all three saws can cut the 
wood, the “best” choice depends on the particular piece of wood, the type of 
cut being made, and your level of skill with each saw. 


METHOD STRENGTHS WEAKNESSES 


nn _—___________|,________________L___LLY 


Graphical Can “see” solutions. Inexact when solutions 
involve numbers that 
are not integers. 
Solutions may not 
appear on the part of 
the graph drawn. 

Substitution Yields exact solutions. Can introduce extensive 

Convenient to use when a computations with 
variable has a coefficient of 1. fractions. 
Cannot “see” 
solutions quickly. 

Elimination Yields exact solutions. Cannot “see” solutions 

Convenient to use when no quickly. 
variable has a coefficient of 1. 

The preferred method for 

systems of 3 or more 

equations in 3 or more 

variables. (See Section 3.5.) 
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FIVE STEPS FOR 
PROBLEM SOLVING 


Remember to use the five steps for 
problem solving. 


1. Familiarize yourself with the 
situation. Carefully read and 
reread the problem; draw a 
diagram, if appropriate; 
determine whether there is a 
formula that applies; assign 
letter(s), or variable(s), to the 
unknown(s). 


2. Translate the problem to an 
equation, an inequality, ora 
system of equations using the 
variable(s) assigned. 


3. Solve the equation, inequal- 
ity, or system of equations. 


4. Check the answer in the origi- 
nal wording of the problem. 


5. State the answer clearly with 
appropriate units. 


10. Bonuses. Monica gave each of 
the full-time employees in her 
small business a year-end bonus 
of $500 while each part-time 
employee received $250. She 
gave a total of $4000 in bonuses 
to her 10 employees. How many 
full-time employees and how 
many part-time employees did 
Monica have? 


Answer 
10. Full-time: 6; part-time: 4 


(b) Solving Applied Problems 
Using Elimination 


Let’s now solve an applied problem using the elimination 
method. (We will solve many more problems in Section 3.4, 
which is devoted entirely to applied problems.) 


EXAMPLE 7 Stimulating the Hometown Economy. To stim- 
ulate the economy in his town of Brewton, Alabama, in 2009, 
Danny Cottrell, co-owner of The Medical Center Pharmacy, gave 
each of his full-time employees $700 and each part-time em- 
ployee $300. He asked that each person donate 15% to a charity 
of his or her choice and spend the rest locally. The money was 
paid in $2 bills, a rarely used currency, so that the business com- 
munity could easily see how the money circulated. Cottrell gave away a total of 
$16,000 to his 24 employees. How many full-time employees and how many 
part-time employees were there? 

Source: The Press-Register, March 4, 2009 


1. Familiarize. We let f= the number of full-time employees and p = the 
number of part-time employees. Each full-time employee received $700, 
so a total of 700f was paid to them. Similarly, the part-time employees 
received a total of 300p. Thus a total of 700f + 300p was given away. 


2. Translate. We translate to two equations. 


Total amount given away is $16,000. 


700f + 300p = 16,000 


Total number ofemployees is 24. 


| 


ft+p = 24 
We now have a system of equations: 
700f + 300p = 16,000, = (1) 
ft  p=24. (2) 
3. Solve. First, we multiply by —300 on both sides of equation (2) and add: 


700f + 300p = 16,000 —_ Equation (1) 
—300f — 300p = —7200 Multiplying by —300 on both sides of equation (2) 
400f = 8800 Adding 
f= 22. Solving for f 


Next, we substitute 22 for f in equation (2) and solve for p: 
22 + p= 24 
p= 2. 
4. Check. If there are 22 full-time employees and 2 part-time employees, 
there is a total of 22 + 2, or 24, employees. The 22 full-time employees 
received a total of $700 - 22, or $15,400, and the 2 part-time employees re- 


ceived a total of $300 - 2, or $600. Then a total of $15,400 + $600, or 
$16,000, was given away. The numbers check in the original problem. 


5. State. There were 22 full-time employees and 2 part-time employees. 


Do Exercise 10. 
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Exercise Set 


l x+ 3y=7, 
“x + 4y=7 


5. 5x + 3y = 11, 


3x= youl 
9. 2x + 3y = 1, 
4x + 6y = 2 


13. 3x + 2y = 24, 


2x + 3y = 26 
17. 2a+ b= 12, 
a+ 2b=-6 


2 x+y=9, 
24> y= =3 


6. 2x + 3y = —9, 
5x — 6y = —9 


10. 3x - 2y=1, 
—6x + 4y = -2 


14. 5x + 3y = 25, 
3x + 4y = 26 


18. 10x + y = 306, 
1l0y + x = 90 


3. 9x + 5y = 6, 
2x —- 5y=-17 

7. or — 3s = 19, 
2r — 6s = —2 


11. 5x — 9y = 7, 
Ty — 3x = —-5 


15. 2x — 4y = 5, 
2x — 4y =6 


19. 5x + dy =7, 


For Extra Help 


"The 3 G == |% 
MyMathLab ae WATCH DOWNLOAD en REVIEW 


(a) Solve each system of equations by the elimination method. 


4, 2x — 3y = 18, 
2x + 3y = -6 


8. 2a + 3b = 11, 
4a — 5b = -11 


12. 5x + 4y = 2, 
2x — By = 4 


16. 3x — 5y = —2, 
Sy - 3x =7 


20. 8x + ty = -11, 
1 
7 
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25. 


29. 


31. 


33. 


35. 


ix + 5y = 6, 22. $x + 2y=-17, 

3x —3y=—8 2x — 3 = — 

0.3x — 0.2y = 4, 26. 0.7x — 0.3y = 0.5, 
0.2x + 0.3y = 0.5 —0.4x + 0.7y = 1.3 


Finding Numbers. The sum of two numbers is 63. The 
larger number minus the smaller number is 9. Find the 
numbers. 


Finding Numbers. The sum of two numbers is 3. Three 
times the larger number plus two times the smaller 
number is 24. Find the numbers. 


Complementary Angles. Two angles are complementary. 
(Complementary angles are angles whose sum is 90°.) 
Their difference is 6°. Find the angles. 


x 


Complementary angles: 
x+ y= 90° 


Basketball Scoring. Jared’s Youth League basketball 
team scored on 27 shots, some two-point field goals and 
the rest one-point free throws. The team scored a total of 
48 points in the game. How many of each kind of shot 
was made? 
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23. 


27. 


30. 


32. 


34. 


36. 


5x — ay = 4, 24. x + 3y =4, 
ax + gy = 4 gx — ay = —6 
0.05x + 0.25y = 22, 28. 1.3x — 0.2y = 12, 


0.15x + 0.05y = 24 0.4x + 17y = 89 


| Solve. Use the elimination method when solving the translated system. 


Finding Numbers. The sum of two numbers is 2. The 
larger number minus the smaller number is 20. Find the 
numbers. 


Finding Numbers. The sum of two numbers is 9. Two 
times the larger number plus three times the smaller 
number is 2. Find the numbers. 


Supplementary Angles. Two angles are supplementary. 
(Supplementary angles are angles whose sum is 180°.) 
Their difference is 22°. Find the angles. 


a8 Y 


Supplementary angles: 
x+ y= 180° 


Hockey Scoring. At one time, hockey teams received 
two points when they won a game and one point when 
they tied. One season, a team won a championship with 
65 points. They played 35 games. How many wins and 
how many ties did the team have? 


Copyright © 2011 Pearson Education, Inc. 


37. Sales Promotion. Rick’s Sporting Goods ran a promo- 


tion offering either a free rechargeable lantern or a free 
portable propane grill to each customer who bought a 
deluxe family tent. The store’s cost for each lantern was 
$20, and its cost for each grill was $25. At the end of the 
promotion, 12 tents had been sold. The store’s total cost 
for the items given away was $280. How many of each 
type of free item did the customers choose? 


Skill Maintenance 


Given the function f(x) = 3x2 — x + 1, find each of the following function values. 


39. f(0) 40. f(-1) 
43. f(—2) 4A, f(2a) 
47. Find the domain of the function 

f(x) = . ; >. [2.3al 


49. 


Find an equation of the line with slope —? and 
y-intercept (0,—7). [2.6a] 


Synthesis 


Sl. 


53. 


55. 


lmsa Use the INTERSECT feature to solve the following 
system of equations. You may need to first solve for y. 
Round answers to the nearest hundredth. 


3.5x — 2.ly = 106.2, 
4.1x + 16.7y = —106.28 


The solution of this system is (—5, —1). Find A and B. 
Ax — 7y = -3, 
x - By=-1 


The points (0, —3) and (- 3, 6) are two of the solutions 
of the equation px — gy = —1. Find pand q. 


38. 


Sales Promotion. The Serenity Yoga Center offered 
patrons who bought a 24-class pass either a free eye 
pillow or a free yoga DVD. The center’s cost for each eye 
pillow was $10, and its cost for each DVD was $8. A total 
of 15 people took advantage of the offer. The center's total 
cost for the promotional items was $136. How many of 
each item did the patrons choose? 


[2.2b] 
Al. f(1) 42. f(10) 
45. f(—4) 46. f(1.8) 
48. Find the domain and the range of the function 


50. 


52. 


54. 


56. 


g(x) =5-—x%. [23a] 


a2 3)5 


x+y 
2: 
2 6 


Find an equation to pair with 6x + 7y = —4 such that 
(—3, 2) is a solution of the system. 


Determine a and b for which (—4, —3) will be a solution 
of the system 

ax + by = —26, 

bx — ay = 7. 
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3.4 


@ Solve applied problems 
involving total value and 
mixture using systems of 
two equations. 


b Solve applied problems 
involving motion using 
systems of two equations. 


SKILL TO REVIEW 
Objective 1.3b: Solve basic motion 
problems. 


Solve. 


1. Frank’s boat travels at a rate of 
8 mph in still water. Boynton 
River flows at a speed of 2 mph. 
How long will it take Frank to 
travel 15 mi downstream? 


2. Refer to Exercise 1. How long 
will it take Frank to travel 15 mi 
upstream? 


Answers 


Skill to Review: 
1.Lohr 2. 25hr 


Solving Applied Problems: 
Two Equations 


a) Total-Value Problems and 
Mixture Problems 


Systems of equations can be a useful tool in solving applied problems. Using 
systems often makes the Translate step easier than using a single equation. 
The first kind of problem we consider involves quantities of items purchased 
and the total value, or cost, of the items. We refer to this type of problem as a 
total-value problem. 


EXAMPLE 1 School Lunches. To serve lunch to students, school cafeterias 
receive up to $2.47 per lunch from the U.S. government. After expenses such 
as labor, transportation, utilities, and equipment, schools are left with a little 
more than $1 to spend on food. Of this amount, about 25 cents is spent for a 
carton of milk, another 25 cents for fruit and/or vegetables, and the remaining 
50 cents for a main dish. In buying food for a week’s lunches, one school pur- 
chased 580 servings of two menu items: the ingredients for turkey/cheese 
wraps at $0.56 per serving and mixed vegetables at $0.22 per serving. The total 
cost of these two menu items was $246.60. How many servings of each type of 
item were purchased? 

Source: USA Today, May 1, 2008 


1. Familiarize. Let’s begin by making a guess that the ingredients for 300 
servings of turkey/cheese wraps were purchased along with 280 servings 
of mixed vegetables. This is a total of 580 servings. Now let’s find the total 
cost of this order. Since the turkey/cheese wraps cost $0.56 per serving 
and the vegetables cost $0.22 per serving, the total cost would be 


Cost of turkey/cheese Cost of mixed 
wrap ingredients plus vegetables 


$0.56(300) +  $0,22(280) = $168.00 + $61.60 
= $229.60. 


Although the total number of servings is correct, our guess is 
incorrect because the problem states that the total cost was 
$246.60. Since $229.60 is less than $246.60, we see that more 
servings of the more expensive food were bought than we 
guessed. Nevertheless, the guess gives us useful information 
about how to translate this problem to a system of equations. 

We let ¢ = the number of servings of turkey/cheese wrap 
ingredients and v = the number of servings of mixed vegeta- 
bles that were purchased. The ingredients for each serving of 
the turkey/cheese wraps cost $0.56, so the cost of f servings is 
0.56¢. Similarly, the cost for each serving of mixed vegetables is 
$0.22, so the cost of v servings of mixed vegetables is 0.22v. 

It is helpful to organize the information we have in a table, 
as follows. 
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TURKEY/CHEESE MIXED 
WRAPS VEGETABLES OVANE 
NUMBER OF 
t 


SERVINGS v 580 t>+t¢+ v= 580 


COST PER SERVING $0.56 $0.22 


TOTAL COST $0.56¢ $0.22v $246.60 |>0.56f + 0.22v 
) = 246.60 


1. Retail Sales of Sweatshirts. 
Acampus bookstore sells college 
sweatshirts. White sweatshirts 
sell for $18.95 each and red ones 
sell for $19.50 each. If receipts for 


2. Translate. The first row of the table gives us one equation: 


t+ v= 580. 
The last row of the table gives us a second equation: 


0.56f + 0.22v = 246.60. 


the sale of 30 sweatshirts total 
$572.90, how many of each color 
did the shop sell? 


Complete the following table, 


letting w = the number of white 


We can multiply by 100 on both sides of the second equation to clear the a nate ata eee 


decimals. This gives us the following system of equations: 


of red sweatshirts. 
t+ v= 580, (1) Px 
56t + 22v = 24,660. (2) = 
(ge) Ya 
3. Solve. We use the elimination method to solve the system of equations. \ ab 
We eliminate v by multiplying by —22 on both sides of equation (1) and i ae 
then adding the result to equation (2): we = Il 
—22t — 22v = —12,760 Multiplying equation (1) by —22 x 
56t + 22v = 24,660 Equation (2) 
34t = 11,900 Adding = 
ise) 
f= 350. Dividing by 34 
Next, we substitute 350 for tin equation (1) and solve for v: = 
co 
t+ v = 580 Equation (1) Qe 5 
ue Klos 
350 + v = 580 Substituting 350 for f oo 3 iP 
v = 230. Solving for v A 


We obtain (350, 230), or tf = 350, v = 230. 
4. Check. We check in the original problem. 


Total number of servings: t+ v = 350 + 230 = 580 

Cost of turkey/cheese wraps: $0.56t = $0.56(350) = $196.00 

Cost of mixed vegetables: $0.22v = $0.22(230) = $ 50.60 
Total = $246.60 


— 
cx 
7 
ier 
Sui 
= 
n 


AMOUNT 
TAKEN IN 


The numbers check. 


5. State. The school bought the ingredients for 350 servings of turkey/ 
cheese wraps and 230 servings of mixed vegetables. ) 


|__Do Exercise 1. 


Answer 
1. White: 22; red: 8 


White | Red | Total | 


w g 30 Lew + r= 30 


| $18.95 $19.50 | 


[ 18.95w 19.50r 572.90 | >18.95w + 19.50r 
= 572.90 
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The following problem, similar to Example 1, is called a mixture problem. 


) EXAMPLE 2 Blending Flower Seeds. Tara’s Web site, Garden Edibles, 
specializes in the sale of herbs and flowers for colorful meals and garnishes. 
Tara sells packets of nasturtium seeds for $0.95 each and packets of Johnny- 
jump-up seeds for $1.43 each. She decides to offer a 16-packet spring-garden 
mixture, combining packets of both types of seeds at $1.10 per packet. How 
many packets of each type of seed should be put in her garden mix? 


1. Familiarize. To familiarize ourselves with the problem situation, we 
make a guess and do some calculations. The total number of packets of 
seeds is 16. Let’s try 12 packets of nasturtiums and 4 packets of Johnny- 
jump-ups. 


The sum of the number of packets is 12 + 4, or 16. 


The value of these seed packets is found by multiplying the cost per 
STUDY TIPS packet by the number of packets and adding: 
PROBLEM-SOLVING TIPS $0.95(12) + $1.43(4), or $17.12. 


Look for patterns when solving 
problems. Each time you study an 
example in the text or watch your 


The desired cost is $1.10 per packet. If we multiply $1.10 by 16, we get 
16($1.10), or $17.60. This shows us that the guess is incorrect, but these 
calculations give us a basis for understanding how to translate. 

We let a = the number of packets of nasturtium seeds and b = the 
number of packets of Johnny-jump-up seeds. Next, we organize the 
information in a table, as follows. 


JOHNNY- 
NASTURTIUM JUMP-UP SPRING 
NUMBER 
a 


OF PACKETS b 16 t>a+b=16 


PRICE 
PER PACKET $1.43 $1.10 


VALUE Go IN), 
OF PACKETS 143b or 17.60 | > oo 


instructor work a problem in 
class, try to find a pattern that will 
apply to problems that you will 
encounter in the exercise sets or 
in practical situations. 
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2. Translate. The total number of packets is 16, so we have one equation: 
a+b=16. 


The value of the nasturtium seeds is 0.954 and the value of the Johnny- 
jump-up seeds is 1.43b. These amounts are in dollars. Since the total 
value is to be 16($1.10), or $17.60, we have 


0.95a + 1.43b = 17.60. 


We can multiply by 100 on both sides of this equation in order to clear the 
decimals. Thus we have translated to a system of equations: 
a+ b= 16, (1) 
95a + 143b = 1760. — (2) 
3. Solve. We decide to use substitution, although elimination could be 


used as we did in Example 1. When equation (1) is solved for b, we get 
b = 16 — a. Substituting 16 — a for b in equation (2) and solving gives us 


2. Blending Coffees. The Coffee 
Counter charges $9.00 per 
pound for Kenyan French Roast 


95a + 143(16 — a) = 1760 _ Substituting coffee and $8.00 per pound for 
: Sater Sumatran coffee. How much of 
95a + 2288 — 143a = 1760 Using the distributive law each type should be used to 
—48a = —528 Subtracting 2288 and collecting make a 20-lb blend that sells for 
like terms $8.40 per pound? 


a= 11. 
We have a = 11. Substituting this value in the equation b = 16 — a, we 
obtain b = 16 — ll,or5. 


. Check. We check in a manner similar to our guess in the Familiarize 
step. The total number of packets is 11 + 5, or 16. The value of the packet 
mixture is 


$0.95(11) + $1.43(5), or $17.60. 


"~ 


Thus the numbers of packets check. 


oa 


. State. The spring-garden mixture can be made by combining 11 packets 
of nasturtium seeds with 5 packets of Johnny-jump-up seeds. 


Do Exercise 2. 


' EXAMPLE 3 Student Loans. Jed’s student loans totaled $16,200. Part was 
a Perkins loan made at 5% interest and the rest was a Stafford loan made at 
4% interest. After one year, Jed’s loans accumulated $715 in interest. What was 
the amount of each loan? 


1. Familiarize. Listing the given information in a table will help. The 
columns in the table come from the formula for simple interest: J = Prt. 
We let x = the number of dollars in the Perkins loan and y = the number 
of dollars in the Stafford loan. 


PERKINS STAFFORD 
LOAN LOAN TOTAL 
PRINCIPAL 


SE $16,200 }>x+ y= 16,200 


S| OF 
S| 5% 4% 
TIME 1 year 1 year 
INTEREST 0.05x 0.04y $715 > 0.05x + 0.04y = 715 Answer 
7 2. Kenyan: 8 lb; Sumatran: 12 Ib 
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3. Client Investments. 


Kaufman 


Financial Corporation makes 
investments for corporate 
clients. It makes an investment 
of $3700 for one year at simple 
interest, yielding $297. Part of 
the money is invested at 7% and 
the rest at 9%. How much was 
invested at each rate? 


Do the Familiarize and 


Translate steps by completing 

the following table. Let x = the 3. 
number of dollars invested at 

7% and y = the number of 

dollars invested at 9%. 


= 
= 
Wu 
= 
= 
WY 
Lu 
=> 


INVESTMENT 


Answer 


PRINCIPAL, P 
RATE OF 
INTEREST, r 


3. $1800 at 7%; $1900 at 9% 


$3700 |->x + y = 3700 


Translate. The total of the amounts of the loans is found in the first row 
of the table. This gives us one equation: 


x + y = 16,200. 


Look at the last row of the table. The interest totals $715. This gives us a 
second equation: 


5%x + 4%y = 715, or 0.05x + 0.04y = 715. 
After we multiply on both sides to clear the decimals, we have 
5x + 4y = 71,500. 


Solve. Using either elimination or substitution, we solve the resulting 
system: 


x + y = 16,200, 
5x + 4y = 71,500. 


We find that x = 6700 and y = 9500. 


. Check. The sum is $6700 + $9500, or $16,200. The interest from $6700 


at 5% for one year is 5%( $6700), or $335. The interest from $9500 at 4% 
for one year is 4%($9500), or $380. The total interest is $335 + $380, or 
$715. The numbers check in the problem. 


. State. The Perkins loan was for $6700 and the Stafford loan was for 


$9500. ) 


Do Exercise 3. 


| EXAMPLE 4 Mixing Fertilizers. Yardbird Gardening carries two kinds of 
fertilizer containing nitrogen and water. “Gently Green” is 5% nitrogen and 
“Sun Saver” is 15% nitrogen. Yardbird Gardening needs to combine the two 
types of solution to make 90 L of a solution that is 12% nitrogen. How much 
of each brand should be used? 


@ >) 


LN 2 + \ | ao 
gliters Gently s liters Sun \ 90 liters 
Green Saver i 
— — 9 SS 
5% nitrogen 15% nitrogen 12% nitrogen 
1. Familiarize. We first make a drawing and a guess to become familiar 


with the problem. 

We choose two numbers that total 90 L—say, 40 L of Gently Green 
and 50 L of Sun Saver—for the amounts of each fertilizer. Will the result- 
ing mixture have the correct percentage of nitrogen? 


$297} —>0.07x + 0.09y 


First Second 
Investment | Investment | Total 
x y 
7% 9% 
1 year 1 year 
q 0.07x 0.09y 
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= 297 


Systems of Equations 


To find out, we multiply as follows: 
5%(40L) = 2Lofnitrogen and 15%(50L) = 7.5 Lof nitrogen. 


Thus the total amount of nitrogen in the mixture is 2L + 7.5L, or 9.5 L. 
The final mixture of 90 Lis supposed to be 12% nitrogen. Now 


12%(90L) = 10.8L. 


Since 9.5 L and 10.8 L are not the same, our guess is incorrect. But these 
calculations help us to become familiar with the problem and to make 
the translation. 

We let g = the number of liters of Gently Green and s = the number 
of liters of Sun Saver in the mixture. 

The information can be organized in a table, as follows. 


GENTLY SUN 
GREEN SAVER MIXTURE 
NUMBER 


OF LITERS g Ss 90 L>g+s=90 


PERCENT 
OF NITROGEN 5% 15% 12% 


AMOUNT 0.12 x 90, 
OF NITROGEN 0.05g 0.15s or 10.8 liters 


> 0.05g + 0.15s = 10.8 


2. Translate. Ifwe add gand s in the first row, we get 90, and this gives us 
one equation: 


g+s=90. 


If we add the amounts of nitrogen listed in the third row, we get 10.8, and 
this gives us another equation: 


5%g + 15%s = 10.8, or 0.05g + 0.15s = 10.8. 

After clearing the decimals, we have the following system: 
g+s=90, (1) 
5g + 15s = 1080. (2) 


3. Solve. We solve the system using elimination. We multiply equation (1) 
by —5 and add the result to equation (2): 
—5g— 5s = —450 Multiplying equation (1) by —5 
5g + 15s = 1080 Equation (2) 
10s = 630 Adding 
Ss = 63. Dividing by 10 


Next, we substitute 63 for s in equation (1) and solve for g: 


g+ 63 = 90 Substituting in equation (1) 
g = 27. Solving for g 


We obtain (27, 63), or g = 27,5 = 63. 
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4. Check. Remember that g is the number of liters of Gently Green, with 


4. Mixing Cleaning Solutions. 5% nitrogen, and s is the number of liters of Sun Saver, with 15% nitrogen. 


King’s Service Station uses two 
kinds of cleaning solution con- Total number of liters of mixture: g +s = 27 + 63 = 90L 
taining acid and water. “Attack” Amount of nitrogen: 5%(27) + 15%(63) = 1.35 + 9.45 = 10.8L 
is 2% acid and “Blast” is 6% acid. 
They want to mix the two to get 
60 qt of a solution that is 5% 
acid. How many quarts of each 


10.8 
Percentage of nitrogen in mixture: o 0.12 = 12% 


The numbers check in the original problem. 
should they use? ; ; ? 
Do the Faniilianize and Translare 5. State. Yardbird Gardening should mix 27 L of Gently Green and 63 L os 
steps by completing the follow- Sun Saver. ’ 


ing table. Let a = the number of : 
quarts of Attack and b = the Do Exercise 4. 


number of quarts of Blast. ™ 
= \b) Motion Problems 


3 When a problem deals with speed, distance, and time, we can expect to use 
= the following motion formula. 
+ 


. THE MOTION FORMULA 
3 


Distance = Rate (or speed) - Time 
d=rt 


MIXTURE 


TIPS FOR SOLVING MOTION PROBLEMS 


1. Make a drawing using an arrow or arrows to represent distance and 
the direction of each object in motion. 


2. Organize the information in a table or a chart. 


3. Look for as many things as you can that are the same, so you can 
write equations. 


AMOUNT OF ACID 
IN SOLUTION 


= 
>) 
<= 
LL 
° 
— 
= 
Lu 
oO 
[<4 
aay 
3 


AMOUNT OF 
SOLUTION 


Answer 
4. Attack: 15 qt; Blast: 45 qt 


[Attack Blast | Mixture 


a b 60 L+>a-+ b= 60 


2% 6% 5% 


0.02a | 0.06b | 0.05 x 60, 


or3 
\ ) 


>0.02a + 0.06b = 3 
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' EXAMPLE 5 AutoTravel. Your brother leaves your home on a trip, for- 
getting his suitcase. You know that he normally drives at a speed of 55 mph. 
You do not discover the suitcase until 1 hr after he has left. If you follow him 
at a speed of 65 mph, how long will it take you to catch up with him? 


1. Familiarize. We first make a drawing. From the drawing, we see that 

when you catch up with your brother, the distances from home are the 

same. We let d = the distance, in miles. If we let t = the time, in hours, 

for you to catch your brother, then t + 1 = the time traveled by your 5. Train Travel. A train leaves 

brother at a slower speed. Barstow traveling east at 
35 km/h. One hour later, a faster 
train leaves Barstow, also travel- 
ing east on a parallel track at 
40 km/h. How far from Barstow 
will the faster train catch up with 
the slower one? 


Your car 


65 mph 
t hours dmiles 


We organize the information in a table as follows. 


RATE 


d = rr. t 
DISTANCE RATE TIME 
BROTHER d 55 t+1 -ed=55(t+ 1) 


a 


2. Translate. Using d = rt in each row of the table, we get an equation. 
Thus we have a system of equations: 
d=55(t+ 1), (W 
d = 65t. (2) 


DISTANCE 


FASTER TRAIN 


= 
= 
cc 
— 
oe 
Ww 
= 
(o} 
pa 
“Yn 


3. Solve. We solve the system using the substitution method: 


65t = 55(t + 1) Substituting 65¢ for d in equation (1) 
65t = 55t + 55 Multiplying to remove parentheses on the right 


- Answer 
t= 55 
} Solving for ¢ aon 
t = 5.5. a 
Your time is 5.5 hr, which means that your brother’s time is 5.5 + 1, or i 
6.5 hr. 5 5 
4. Check. At 65 mph, you will travel 65 - 5.5, or 357.5 mi, in 5.5 hr. At ea : 
55 mph, your brother will travel 55 - 6.5, or the same 357.5 mi, in 6.5 hr. A 
The numbers check. es is 
5. State. You will catch up with your brother in 5.5 hr. ) e | 
Do Exercise 5. a/s 
o 
gf E/E 
oa Ko) So 
~ i 
8 
S| 
S/ sis 
4 
a 
= es 
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6. Air Travel. 


Answer 
6. 180 mph 


276 


RATE 


DISTANCE 


) EXAMPLE 6 Marine Travel. A Coast-Guard patrol boat travels 4 hr ona 
trip downstream with a 6-mph current. The return trip against the same cur- 
rent takes 5 hr. Find the speed of the boat in still water. 


An airplane flew for 
4 hr with a 20-mph tailwind. The 
return flight against the same 

wind took 5 hr. Find the speed of 
the plane in still air. 


r+ 20 


[=) 
Z 
2 
E 
2 


oo 
a a 
+ | 
+ ow 
| ll 
ss Dd 
‘a 

© ~) 

s|s|s 

= ie 
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g ATA 
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ca ~~ ~ 

o 

=) 

< 
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aa 
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5. 


Upstream, r— 6 
| gph current, 5 hours, 


Downstream, r+ 6 
6-mph current, 4 hours, 
d miles 


. Familiarize. We first make a drawing. From the drawing, we see that 


the distances are the same. We let d = the distance, in miles, and r = the 
speed of the boat in still water, in miles per hour. Then, when the boat is 
traveling downstream, its speed is r + 6. (The current helps the boat 
along.) When it is traveling upstream, its speed is r — 6. (The current 
holds the boat back.) We can organize the information in a table. We use 
the formula d = rt. 


DISTANCE | RATE | TIME 
DOWNSTREAM pa L> d= (r+ 6)4 


} UPSTREAM r— 5 > d= (r-—6)5 


SJ 


Translate. From each row of the table, we get an equation, d = rt: 


d= 4r + 24, (1) 
d = 5r — 30. (2) 


. Solve. We solve the system by the substitution method: 


4r + 24 = 5r — 30 Substituting 4r + 24 for din equation (2) 
24=r-— 30 


} Solving for r 
54 = 1. 


. Check. Ifr= 54, then r+ 6 = 60; and 60 - 4 = 240, the distance trav- 


eled downstream. If r = 54, then r — 6 = 48; and 48 - 5 = 240, the dis- 
tance traveled upstream. The distances are the same. In this type of 
problem, a problem-solving tip to keep in mind is “Have I found what the 
problem asked for?” We could solve for a certain variable but still have not 
answered the question of the original problem. For example, we might 
have found speed when the problem wanted distance. In this problem, we 
want the speed of the boat in still water, and that is r. 


State. The speed in still water is 54 mph. ) 


Do Exercise 6. 


Systems of Equations 


Translating 
for Success 


1. Office Expense. The monthly 
telephone expense for an office 
is $1094 less than the janitorial 
expense. Three times the janitor- 


6. Running Distances. Each day 
Tricia runs 5 mi more than 
two-thirds the distance that 
Chris runs. Five times the 


The goal of these matching questions 
is to practice step (2), Translate, of the 


ial expense minus four times the 
telephone expense is $248. What 
is the total of the two expenses? 


. Dimensions of a Triangle. The 
sum of the base and the height 
of a triangle is 192 in. The height 
is twice the base. Find the base 
and the height. 


. Supplementary Angles. Two 
supplementary angles are such 
that twice one angle is 7° more 
than the other. Find the mea- 
sures of the angles. 


. SAT Scores. The total of Megan's 
writing and math scores on the 
SAT was 1094. Her math score 
was 248 points higher than her 
writing score. What were her 
math and writing SAT scores? 


. Sightseeing Boat. A sightseeing 
boat travels 3 hr on a trip down- 
stream with a 2.5-mph current. 
The return trip against the same 
current takes 3.5 hr. Find the 
speed of the boat in still water. 


five-step problem-solving process. 
Translate each word problem to a 


system of equations and select a correct 


translation from systems A-J. 


A. x=y+t 248, 
x+y = 1094 


- Ox = 2y — 3, 
y='x+5 


Y= oh 
2x + 2y = 192 


. 2Xx=7+y, 
x + y= 180 


~x+y= 192, 
x = 2y 


x + y = 180, 
x=2y+7 


- x — 1094 = yj, 
3x — 4y = 248 


- 3%x + 2.5%y = 97.50, 
x+y = 2500 


2x =5 + 4y, 
3y = 15x -— 4 


x= (y+ 2.5) -3, 
3.5(y — 2.5) = x 


Answers on page A-11 


distance that Chris runs is 3 mi 
less than twice the distance that 
Tricia runs. How far does Tricia 
run daily? 


. Dimensions of a Rectangle. 


The perimeter of a rectangle is 
192 in. The width is half the 
length. Find the length and the 
width. 


. Mystery Numbers. Teka asked 


her students to determine the 
two numbers that she placed in 
a sealed envelope. Twice the 
smaller number is 5 more than 
two-thirds the larger number. 
Three times the larger number is 
4 less than fifteen times the 
smaller. Find the numbers. 


. Supplementary Angles. Two 


supplementary angles are such 
that one angle is 7° more than 
twice the other. Find the 
measures of the angles. 


. Student Loans. Brandt’s stu- 


dent loans totaled $2500. Part 
was borrowed at 3% interest and 
the rest at 2.5%. After one year, 
Brandt had accumulated $97.50 
in interest. What was the amount 
of each loan? 


. Retail Sales. Paint Town sold 45 paintbrushes, one 
kind at $8.50 each and another at $9.75 each. In all, 
$398.75 was taken in for the brushes. How many of each 
kind were sold? 


In 2009, the Diabetic 
Express charged $39.95 for a vial of Humulin insulin and 
$30.49 for a vial of Novolin insulin. If a total of $1723.16 
was collected for 50 vials of insulin, how many vials of 
each type were sold? 


. Sales of Pharmaceuticals. 


. Radio Airplay. Rudy must play 12 commercials during 
his 1-hr radio show. Each commercial is either 30 sec or 
60 sec long. If the total commercial time during the hour 
is 10 min, how many commercials of each type does 
Rudy play? 


. Catering. Stella's Catering is planning a wedding 
reception. The bride and groom would like to serve a nut 
mixture containing 25% peanuts. Stella has available 
mixtures that are either 40% or 10% peanuts. How much 
of each type should be mixed to get a 10-lb mixture that 
is 25% peanuts? 


. Ink Remover. Etch Clean Graphics uses one cleanser 
that is 25% acid and a second that is 50% acid. How 
many liters of each should be mixed to get 10 Lofa 
solution that is 40% acid? 
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2. 


10. 


. Blending Granola. 


PRACTICE WATCH DOWNLOAD READ REVIEW. 


Retail Sales. Mountainside Fleece sold 

40 neckwarmers. Solid-color neckwarmers sold for 
$9.90 each and print ones sold for $12.75 each. In all, 
$421.65 was taken in for the neckwarmers. How many 
of each type were sold? 


. Fundraising. The St. Mark’s Community Barbecue 


served 250 dinners. A child’s plate cost $3.50 and an 
adult’s plate cost $7.00. A total of $1347.50 was collected. 
How many of each type of plate was served? 


. Nontoxic Floor Wax. Anontoxic floor wax can be 


made by combining lemon juice and food-grade linseed 
oil. The amount of oil should be twice the amount of 
lemon juice. How much of each ingredient is needed in 
order to make 32 oz of floor wax? (The mix should be 
spread with a rag and buffed when dry.) 


Deep Thought Granola is 25% nuts 
and dried fruit. Oat Dream Granola is 10% nuts and 
dried fruit. How much of Deep Thought and how much 
of Oat Dream should be mixed to form a 20-lb batch of 
granola that is 19% nuts and dried fruit? 


Livestock Feed. Soybean meal is 16% protein and corn 
meal is 9% protein. How many pounds of each should 
be mixed to get a 350-lb mixture that is 12% protein? 


For Extra Help 
MyMathLab|j 


Copyright © 2011 Pearson Education, Inc. 


11. Dry Cleaners. Claudio, a banking vice-president, took 
17 neckties to Milto Cleaners. The rate for non-silk ties is 
$3.25 per tie and for silk ties is $3.60 per tie. His total bill 
was $58.75. How many silk ties did he have dry-cleaned? 


Sarah's two student loans totaled 
$12,000. One of her loans was at 6% simple interest 
and the other at 9%. After one year, Sarah owed $855 in 
interest. What was the amount of each loan? 


13. Student Loans. 


15. Food Science. The following bar graph shows the milk 
fat percentages in three dairy products. How many 
pounds each of whole milk and cream should be mixed 
in order to form 200 Ib of milk for cream cheese? 


Dairy Product Milk Fat a 


Milk for 
cream 
cheese 


Cream 


Oris ig Io cue ce OF 
Percent milk fat 


17. Teller Work. Juan goes to a bank and gets change for a 
$50 bill consisting of all $5 bills and $1 bills. There are 
22 bills in all. How many of each kind are there? 


12. Laundry. While on a four-week hiking trip in the 
mountains, the Tryon family washed 11 loads of clothes 
at The Mountain View Laundry. The 20-lb capacity 
washing machine costs $1.50 per load while the 30-1b 
costs $2.50. Their total laundry expense was $20.50. 
How many loads were laundered in each size washing 
machine? 


14. 


16. 


18. 


Investments. An executive nearing retirement made 
two investments totaling $45,000. In one year, these 
investments yielded $2430 in simple interest. Part of the 
money was invested at 4% and the rest at 6%. How much 
was invested at each rate? 


Automotive Maintenance. Arctic Antifreeze is 18% 
alcohol and Frost No-More is 10% alcohol. How many 
liters of Arctic Antifreeze should be mixed with 7.5 L 
of Frost No-More in order to get a mixture that is 

15% alcohol? 


Making Change. Christina makes a $9.25 purchase at 
a bookstore in Reno with a $20 bill. The store has no bills 
and gives her the change in quarters and dollar coins. 
There are 19 coins in all. How many of each kind are 
there? 
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20. Student Loans.  Cole’s two student loans totaled 
$31,000. One of his loans was at 2.8% simple interest 
and the other at 4.5%. After one year, Cole owed 
$1024.40 in interest. What was the amount of each loan? 


19. Investments. William opened two investment accounts 
for his grandson's college fund. The first year, these 
investments, which totaled $18,000, yielded $831 in 
simple interest. Part of the money was invested at 5.5% 
and the rest at 4%. How much was invested at each rate? 


(b) Solve. 


21. Train Travel. 
travels north at a speed of 75 mph. Two hours later, a 
second train leaves on a parallel track and travels north 
at 125 mph. How far from the station will they meet? 


A train leaves Danville Junction and 22. Car Travel. Two cars leave Denver traveling in 

opposite directions. One car travels at a speed of 
80 km/h and the other at 96 km/h. In how many 

hours will they be 528 km apart? 


Trains 
meet 
here 


23. 


25. 


27. 


Canoeing. Darren paddled for 4 hr with a 6-km/h 
current to reach a campsite. The return trip against the 
same current took 10 hr. Find the speed of Darren’s 
canoe in still water. 


Car Travel. Donnais late for a sales meeting after 
traveling from one town to another at a speed of 

32 mph. If she had traveled 4 mph faster, she could 
have made the trip in $ hr less time. How far apart 
are the towns? 


Air Travel. Two planes travel toward each other from 
cities that are 780 km apart at rates of 190 km/h and 
200 km/h. They started at the same time. In how many 
hours will they meet? 
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24, 


26. 


28. 


Boating. Mia’s motorboat took 3 hr to make a trip 
downstream with a 6-mph current. The return trip 
against the same current took 5 hr. Find the speed 
of the boat in still water. 


Air Travel. Rodis a pilot for Crossland Airways. He 
computes his flight time against a headwind for a 
trip of 2900 mi at 5 hr. The flight would take 4 hr and 
50 min if the headwind were half as great. Find the 
headwind and the plane's air speed. 


Motorcycle Travel. Sally and Rocky travel on 
motorcycles toward each other from Chicago and 
Indianapolis, which are about 350 km apart, and they 
are biking at rates of 110 km/h and 90 km/h. They 
started at the same time. In how many hours will 
they meet? 


Copyright © 2011 Pearson Education, Inc. 


29. Air Travel. 


31. 


Two airplanes start at the same time and fly 
toward each other from points 1000 km apart at rates of 
420 km/h and 330 km/h. After how many hours will they 
meet? 


2 Point of No Return. Aplane flying the 3458-mi trip 
from New York City to London has a 50-mph tailwind. The 
flight’s point of no return is the point at which the flight 
time required to return to New York is the same as the 
time required to continue to London. If the speed of the 
plane in still air is 360 mph, how far is New York from 

the point of no return? 


Skill Maintenance 


Given the function f(x) = 4x — 7, find each of the following function values. 
35. 


33. f(0) 34, f(—-1) 
37. f(—2) 38. f(2a) 
41. f(2) 42. f(—2.5) 


Synthesis 


45. 


47. 


49. 


Automotive Maintenance. The radiator in Michelle’s 
car contains 16 L of antifreeze and water. This mixture is 
30% antifreeze. How much of this mixture should she 
drain and replace with pure antifreeze so that there will 
be a mixture of 50% antifreeze? 


FuelEconomy. Sally Cline’s SUV gets 18 miles per gallon 
(mpg) in city driving and 24 mpg in highway driving. The 
SUV is driven 465 mi on 23 gal of gasoline. How many 
miles were driven in the city and how many were driven 
on the highway? 


Wood Stains. Bennet Custom Flooring has 0.5 gal of 
stain that is 20% brown and 80% neutral. A customer 
orders 1.5 gal ofa stain that is 60% brown and 40% neu- 
tral. How much pure brown stain and how much neutral 
stain should be added to the original 0.5 gal in order to 
make up the order? 


30. 


32. 


39. 


43. 


46. 


48. 


50. 


Truck and Car Travel. Atruck and acarleavea 
service station at the same time and travel in the same 
direction. The truck travels at 55 mph and the car at 
40 mph. They can maintain CB radio contact within a 
range of 10 mi. When will they lose contact? 


E Point of No Return. Aplane is flying the 2553-mi 
trip from Los Angeles to Honolulu into a 60-mph 
headwind. If the speed of the plane in still air is 

310 mph, how far from Los Angeles is the plane’s 
point of no return? (See Exercise 31.) 


[2.2b] 
fQ) 36. f(10) 
f(-4) 40. f(1.8) 
f(—3h) 44. f(1000) 
Physical Exercise. Natalie jogs and walks to school 


each day. She averages 4 km/h walking and 8 km/h 
jogging. The distance from home to school is 6 km and 
Natalie makes the trip in 1 hr. How far does she jog in 
a trip? 


Siblings. Phil and Phyllis are siblings. Phyllis has twice 
as many brothers as she has sisters. Phil has the same 
number of brothers as sisters. How many girls and how 
many boys are in the family? 


lava See Exercise 49. Let x = the amount of pure brown 
stain added to the original 0.5 gal. Find a function P(x) 
that can be used to determine the percentage of brown 
stain in the 1.5-gal mixture. On a graphing calculator, 
draw the graph of P and use ZOOM and TRACE or the TABLE 
feature to confirm the answer to Exercise 49. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. If, when solving a system of two linear equations in two variables, a false equation is 
obtained, the system has infinitely many solutions. [3.2a], [3.3a] 


2. Every system of equations has at least one solution. [3.1a] 


w 


. If the graphs of two linear equations intersect, then the system is consistent. [3.la] 
4. The intersection of the graphs of the lines x = aand y = bis (a,b). [3.1a] 


Guided Solutions 


Fill in each box with the number, variable, or expression that creates a correct statement or solution. 
Solve. [3.2a], [3.3a] 


5.x+2y=3, ( 6.3x-2y=5, ( 
Vs t= 6 (2) 2x+ 4y=14 (2) 
x+2([]) =3 Substituting for y in equation (1) mB: By = Multiplying equation (1) by 2 
x+[_Jx-[]=3 Removing parentheses 2x+ 4y=14 Equation (2) 
= 12 33 Collecting like terms [|x = Adding 
SS = 
aS 2-[ ]+4y=14 Substituting for x in equation (2) 
y=[(.|]-6 Substituting in equation (2) +4y=14 Multiplying 
y= Subtracting 4y = 
The solution is ({_], _]). y= 
The solution is ([_], [_]). 


Mixed Review 


Solve each system of equations graphically. Then classify the system as consistent or inconsistent and the equations as 
dependent or independent. [3.1a] 


iwV=x— 6, 0 = 9. y= 2x. — 3; 10.x -—y=3, 
4x — 2y = 6 
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Solve using the substitution method. 


We x= y + 2, 120), = %— 5; 13. 4x + 3y = 3, 14. 3x — 2y = 1, 
2% — 3 = —2, Lc 2y— y=x+8 = yo 1 


Solve using the elimination method. [3.3a] 


Loe 2x wy e2, 16.4 — 2y = 13, 17. 3x, = 4y = "5, 18. 3% + 2y = 11, 
x=y=4 xP 2y = 3 OX 2) = 1 2% 4+ 3y = 9 
1 1 

19. x — 2y=5, 20. 4x — 6y = 2, al.5x+ay=1 22. 0.2x + 0.3y = 0.6, 

3x — 6y = 10 eK tar SV lll 1 3 Onli Oly 2-5 
=x-~y=11 
5 2 

Solve. 

23. Garden Dimensions. A landscape architect designs a 24. Investments. Sandy made two investments totaling 
garden with a perimeter of 44 ft. The width is 2 ft less $5000. Part of the money was invested at 2% and the rest 
than the length. Find the length and the width. [3.2b] at 3%. In one year, these investments earned $129 in sim- 

ple interest. How much was invested at each rate? [3.4a] 

25. Mixing Solutions. Alab technician wants to mix a solu- 26. Boating. Monica’s motorboat took 5 hr to make a trip 
tion that is 20% acid with a second solution that is 50% downstream with a 6-mph current. The return trip 
acid in order to get 84 L of a solution that is 30% acid. How against the same current took 8 hr. Find the speed of the 
many liters of each solution should be used? [3.4a] boat in still water. [3.4b] 


Understanding Through Discussion and Writing 


27. Explain how to find the solution of 2x + 2 = 2x — 5in 28. Write a system of equations with the given solution. 
two ways graphically and in two ways algebraically. Answers may vary. [3.1a], [3.2a], [3.3a] 
[3.1a], [3.2a], [3.3a] a) (4, —-3) b) No solution 
c) Infinitely many solutions 
29. Describe a method that could be used to create an 30. Describe a method that could be used to create a system 
inconsistent system of equations. [3.1a], [3.2a], [3.3a] of equations with dependent equations. [3.1a], [3.2al, 
[3.3a] 
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SKILL TO REVIEW 
Objective 3.3a: Solve systems of 
equations in two variables by the 
elimination method. 


Solve. 
1.3x+ y=1, 
X= yH7 
2. 2x + 3y = 9, 
3x + 2y=1 


STUDY TIPS 


BEING A TUTOR 
Try being a tutor for a fellow 


student. You can reinforce your 
understanding and retention of 
concepts if you explain the 
material to someone else. 


Answers 


Skill to Review: 
1. (1,-2) 2. (-3,5) 


(a) Solving Systems in Three Variables 


A linear equation in three variables is an equation equivalent to one of the 
type Ax + By + Cz = D. A solution of a system of three equations in three 
variables is an ordered triple (x, y, z) that makes all three equations true. 

The substitution method can be used to solve systems of three equations, 
but it is not efficient unless a variable has already been eliminated from one 
or more of the equations. Therefore, we will use only the elimination 
method—essentially the same procedure for systems of three equations as for 
systems of two equations.* The first step is to eliminate a variable and obtain 
a system of two equations in two variables. 


EXAMPLE 1 Solve the following system of equations: 
x+ yt z=4, (1) 
x-2y- z=1, (2) 
2x- y-2z=-l. (3) 


a) We first use any two of the three equations to get an equation in two vari- 
ables. In this case, let’s use equations (1) and (2) and add to eliminate z: 


x+ y+tz=4 (1) 
x-2y-z=1 (2) 
2x- y = 5, (4) Adding to eliminate z 


b) We use a different pair of equations and eliminate the same variable that 
we did in part (a). Let’s use equations (1) and (3) and again eliminate z. 


2x —y— 22 = -1; (3) 


2x + 2y+2z= 8 
2x- y-2z=-1 (3) 
4x+ y = 7 (5) Adding to eliminate z 


Multiplying equation (1) by 2 


c) Now we solve the resulting system of equations, (4) and (5). That solution 
will give us two of the numbers. Note that we now have two equations in 
two variables. Had we eliminated two different variables in parts (a) and 
(b), this would not be the case. 


2x-y= 5 (4) 

4x+y= 7 (5) 

6x = 12 Adding 
x=2 


*Other methods for solving systems of equations are considered in Appendixes B and C. 
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We can use either equation (4) or (5) to find y. We choose equation (5): 


4x+y=7 (5) 
4(2)+ y=7 — Substituting 2 for x 


8+y=7 
y=-1. 
d) We now have x = 2 and y = —1. To find the value for z, we use any of the 


original three equations and substitute to find the third number, z. Let’s 
use equation (1) and substitute our two numbers in it: 


x+ytZz=A4 (1) 
24+ (-l)+z=4 Substituting 2 for x and —1 for y 
1l+z=4 
| Solving for z 
Z=3. 


We have obtained the ordered triple (2, —1,3). We check as follows, 
substituting (2, —1,3) into each of the three equations using alphabeti- 


cal order. 
Check: 

x+yt+z=4 
2+(-1)+324 

4 | TRUE 

x-2y-Zz=1 
2.=(2(=1) =3 2 1 

2+2—-3 

1 TRUE 


2x -—-y-2z=-1 

20) = (41 = 8.801 
416 

=] 


TRUE 


The triple (2, —1,3) checks and is the solution. ) 


To use the elimination method to solve systems of three equations: 


1. Write all equations in the standard form Ax + By + Cz = D. 

2. Clear any decimals or fractions. 

3. Choose a variable to eliminate. Then use any two of the three 
equations to eliminate that variable, getting an equation in two 
variables. 

4. Next, use a different pair of equations and get another equation in 
the same two variables. That is, eliminate the same variable that 
you did in step (3). 

5. Solve the resulting system (pair) of equations. That will give two of 
the numbers. 

6. Then use any of the original three equations to find the third 
number. 


Do Exercise 1. 


1. Solve. Don’t forget to check. 


4x- yt z=6, 
Sie ae 2 z= —-3, 
2% yt 2z=3 


Answer 
1. (2,1,-1) 
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| EXAMPLE 2 Solve this system: 


a) 


b 


= 


Cc) 


d 


~S 


e) 


Systems of Equations 


4x — 2y — 3z =5, (1) 
8x- y+ zZ=—5, (2) 
2x+ yt2z=5. (3) 


The equations are in standard form and do not contain decimals or 
fractions. 


We decide to eliminate the variable y since the y-terms are opposites in 
equations (2) and (3). We add: 


8x —y+t z=-5 (2) 
2x+yt2z= 5 (3) 
—6x +3z= 0. (4) Adding 


We use another pair of equations to get an equation in the same two vari- 
ables, x and z. That is, we eliminate the same variable, y, that we did in 
step (b). We use equations (1) and (3) and eliminate y: 

4x — 2y — 3z = 5, (1) 

2x+ y+2z=5; (3) 


4x — 2y-3z2= 5 (1) 
4x + 2y+ 4z = 10 


8x + zZ=15. (5) 


Multiplying equation (3) by 2 
Adding 


Now we solve the resulting system of equations (4) and (5). That will give 
us two of the numbers: 
—6x + 3z = 0, (4) 
8x + z= 15. (5) 


We multiply equation (5) by —3. (We could also have multiplied equation 
(4) by —3.) 


-6x+3z= 0 (4) 
—24x — 3z = —45 Multiplying equation (5) by —3 
—30x =-45 Adding 
_ -45 _ 3 
X= =30 = 2 


We now use equation (5) to find z: 


8x+z2=15 (5) 
a(3) + z= 15 
12+z=15 

Z= 3. 


Substituting 3 for x 


| Solving for z 


Next, we use any of the original equations and substitute to find the third 
number, y. We choose equation (3) since the coefficient of y there is 1: 


axt+y+2z2=5 (3) 
2(3) + y+ 2(3) =5 Substituting 3 for x and 3 for z 
3+y+6=5 
y+9=5 Solving for y 
y=-4. 


The solution is (3, —4, 3). The check is as follows. 


Check: 
4x — 2y-3z2=5 


4«3 = 2(=4) = 3(8) 2 5 


6+ 8-9 
5 TRUE 
8x —-y+z=-5 
8-2-(-4) +3? -5 
—-12+4+3 
=) TRUE 
2x t+ yt+2z=5 
ie as fs 2 
2-5 + ( aa: aes 2. Solve. Don’t forget to check. 
5 TRUE ) Sem or 
= War 26g = 8, 


Do Exercise 2. She se 2 ap 2g = 3} 


In Example 3, two of the equations have a missing variable. 


| EXAMPLE 3 Solve this system: 
x+y+z= 180, (1) 
Xx —-z=—-70, (2) 
2y—z=0. (3) 


We note that there is no y in equation (2). In order to have a system of two 
equations in the variables x and z, we need to find another equation without 


ay. We use equations (1) and (3) to eliminate y: 


x+y+z= 180, (1) 


2y-—z=0; (3) 
2x — 2y — 2z = —360 Multiplying equation (1) by —2 
2y- Z= 0 (3) 
—2x — 3z = —360. (4) Adding 


Now we solve the resulting system of equations (2) and (4): 
x- z=-70, (2) 
—2x — 3z = —360; (4) 
2x — 2z = —140 Multiplying equation (2) by 2 
—2x — 3z = —360 (4) 
—5z = —500 = Adding 
z= 100. 


To find x, we substitute 100 for z in equation (2) and solve for x: 


x—-—z=-—70 
x — 100 = —70 
x = 30. 


Answer 


2 (2 2, >) 
on Gea 
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To find y, we substitute 100 for z in equation (3) and solve for y: 


2y-z=0 
2y — 100 = 0 
2y = 100 
y = 50. 
So SE): Ten RO UO ees The triple (30, 50, 100) is the solution. The check is left to the student. 
oer 7 ae fe = (00, ) 


eee ey) = —10, 
x =g= =a) Do Exercise 3. | 


It is possible for a system of three equations to have no solution, that is, 
to be inconsistent. An example is the system 


x+ yt z=14, 
x+ y+ z=11, 
2x — 3y + 4z = -3. 


Note the first two equations. It is not possible for a sum of three numbers to 
be both 14 and 11. Thus the system has no solution. We will not consider such 
systems here, nor will we consider systems with infinitely many solutions, 
which also exist. 


STUDY TIPS 


TIME MANAGEMENT 


Having enough time to study is a critical factor in any course. Have realistic 
expectations about the amount of time you need to study for this course. 


¢ Arule of thumb for study time. Budget 2-3 hours for homework and 
study per week for each hour of class time. 


e Balancing work and study. Working 40 hours per week and taking 
12 credit hours is equivalent to having two full-time jobs. It is challeng- 
ing to handle such a load. If you work 40 hours per week, you will prob- 
ably have more success in school if you take 3-6 credit hours. If you are 
carrying a full class-load, you can probably work 5-10 hours per week. 
Be honest with yourself about how much time you have available to 
work, attend class, and study. 


Answer 
3. (20, 30, 50) 
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For Extra Help 


x Z 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW. 


l x y Z=2, 
2x- yt5z=-—-5, 
K+ 2y+2z=1 


4. x- yt z2=4, 
3x + 2y + 3z = 7, 
2x + 9y + 6Z=5 


7. 3a — 2b + 7c = 13, 
a+ 8b — 6c = —47, 
7a — 9b — 9c = -3 


10. 2x + y-3z= -4, 
4x -2y+ z=9, 
3x + 5y — 2z = 


13. x- yt z=4, 
5x + 2y — 3z = 2, 
3x — 7y + 4z = 8 


2.2x—- y-4z= -12, 


2x y z=1, 
x + 2y+ 4z= 10 
5. 2x -3y+ z=5, 
x + 3y + 8z = 22, 
3x - yt 2z=12 
8 x y z=0, 
2x + 3y + 2z = —3, 
x+2y-3z=-1 
ll. 2x+ yt z=-2, 
2x- yt 3z=6, 
3x - 5y+ 4z=7 
14. 2x y+ 2z=3, 
x+ 6y + 3z=4, 
3x -2y+ z= 


3.2x- yt z=5, 
6x + 3y — 2z = 10, 
x—-— 2y+ 3z=5 
6. 6x — 4y + 5z = 31, 
5x + 2y + 2z = 13, 
x y zZ=2 
9.2x+ 3y+ z= 17, 
x — 3y + 2z = -8, 
5x — 2y + 3z=5 
12. 2x y+2z= 11, 
3x + 2y + 2z = 8, 
x+ 4y + 3z=0 


15. 4x- y- z=4, 
2x+ yt z=-l, 
6x — 3y — 2z = 3 
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16. 2r+ s+ t=6, 


r+ s—3t=-—10 


19. 2r + 3s + 12t=4, 


22. 3p + 2r= 11, 
q-7r=4, 
p- 6q=1 


25.r+s=5, 
3s + 2t= —1, 
4r+t=14 


Skill Maintenance 


Solve for the indicated letter. 
28. F = 3ab, fora 


31. F = $t(c — d), forc 


17. 


a — 2b - 5c = -3, 


3a+ b-2c=-1, 
2a+3b+ c=4 


20. 


10x+ 6y+ zZ=7, 
5x — 9y — 2z = 3, 
15x — 1l2y + 2z= —-5 


23.x+y+z= 57, 


—2x + y = 3, 


x-Z=6 


26. a — 5c = 17, 
b+ 2c=-1, 
4a — b- 3c = 12 


[1.2a] 
29. 


Q=4(a + b), fora 


32. Ax + By = c,fory 


Find the slope and the y-intercept. [2.4b] 


34, y= —$x-3 


Synthesis 


Solve. 


38 wt x y z=0, 
WwW 2h.=-2Y Z= 
Ww — 3x y zZ=4, 
2w x yt+3z=7 
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35. y= 5 — 4x 


5, 


Systems of Equations 


36. 2x — 5y = 10 


39. 


Sess 


18 x+4y- z=5, 
24 —- y+3e= —5, 
Ax + 3y Z=5 

21. a+t 2b c= 1, 
7a+ 3b- c=~-2, 
a+ 5b+ 3c=2 

24. 4a + 9b = 8, 
8a + 6c = -1, 
6b + 6c = -1 


27.x+y+z= 105, 
logy - z=11, 
2x - 3y=7 


33. Ax — By = c, fory 


x y zZ= 2, 
2x + 2y+ 4z=1, 
x y z= 6, 
3x y Z=2 


37. 7x — 6.4y = 20 
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(a) Using Systems of Three Equations 


Solving systems of three or more equations is important in many applications 
occurring in the natural and social sciences, business, and engineering. 


EXAMPLE 1 Jewelry Design. Kim is designing a triangular-shaped pendant 
for a client of her custom jewelry business. The largest angle of the triangle is 70° 
greater than the smallest angle. The largest angle is twice as large as the remain- 
ing angle. Find the measure of each angle. 


1. Familiarize. We first make a drawing. Since we 
do not know the size of any angle, we use x, y, and 
z for the measures of the angles. We let x = the 
smallest angle, z = the largest angle, and y = the 
remaining angle. 


2. Translate. In order to translate the problem, 
we need to make use of a geometric fact—that 
is, the sum of the measures of the angles of a 
triangle is 180°. This fact about triangles gives us 
one equation: 


x+y+z= 180. 
There are two statements in the problem that we can translate directly. 


The largest angle is 70° greaterthan the smallest angle. 


1 


Zz 70 + x 


The largest angle is twice as large as the remaining angle. 


f 


Zz = 2y 


We now have a system of three equations: 


x+y+z= 180, x+y+z= 180, 
x+ 70 =4Z, or x —~=—70, 
2y=B 2y—2= 0, 


3. Solve. The system was solved in Example 3 of Section 3.5. The solu- 
tion is (30, 50, 100). 

4. Check. The sum of the numbers is 180. The largest angle measures 100° 
and the smallest measures 30°, so the largest angle is 70° greater than the 
smallest. The largest angle is twice as large as 50°, the remaining angle. 
We have an answer to the problem. 


5. State. The measures of the angles of the triangle are 30°, 50°, and 100°. 


} 
Do Exercise 1. 


1. Triangle Measures. One angle 
of a triangle is twice as large as a 
second angle. The remaining 
angle is 20° greater than the 
first angle. Find the measure 
of each angle. 


Answer 
1. 64°, 32°, 84° 
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) EXAMPLE 2. Cholesterol Levels. Americans have become very conscious 
of their cholesterol levels. Recent studies indicate that a child’s intake of 
cholesterol should be no more than 300 mg per day. By eating 1 egg, 1 cup- 
cake, and 1 slice of pizza, a child consumes 302 mg of cholesterol. If the child 
eats 2 cupcakes and 3 slices of pizza, he or she takes in 65 mg of cholesterol. 
By eating 2 eggs and 1 cupcake, a child consumes 567 mg of cholesterol. How 
much cholesterol is in each item? 


1. Familiarize. After we have read the problem a few times, it becomes 
clear that an egg contains considerably more cholesterol than the other 
foods. Let’s guess that one egg contains 200 mg of cholesterol and one 
cupcake contains 50 mg. Because of the third sentence in the problem, it 
would follow that a slice of pizza contains 52 mg of cholesterol since 
200 + 50 + 52 = 302. 

To see if our guess satisfies the other statements in the problem, we 
find the amount of cholesterol that 2 cupcakes and 3 slices of pizza would 
contain: 2 - 50 + 3-52 = 256. Since this does not match the 65 mg listed 
in the fourth sentence of the problem, our guess was incorrect. Rather 
than guess again, we examine how we checked our guess and let g, c, and 
s = the number of milligrams of cholesterol in an egg, a cupcake, and a 
slice of pizza, respectively. 


2. Translate. By rewording some of the sentences in the problem, we can 
translate it into three equations. 


The amount of the amount of the amount of 
cholesterol in cholesterol in cholesterol in 
l egg plus lcupcake plus 1 slice of pizza is 302 mg. 
g + Cc + Ss = 302 
The amount of cholesterol the amount of cholesterol 
in 2 cupcakes plus in 3 slices of pizza is 65 mg. 
2c + 3s = 65 
The amount of cholesterol the amount of cholesterol 
in 2 eggs plus in 1 cupcake is 567 mg. 
2g + Cc = 567 


We now have a system of three equations: 
gt+ c+ s=302, (1) 
2c + 3s = 65, (2) 
2g+ c = 567. (3) 
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3. Solve. ‘To solve, we first note that the variable g does not appear in 


equation (2). In order to have a system of two equations in the variables 
cand s, we need to find another equation without the variable g. We use 
equations (1) and (3) to eliminate g: 
g+cect+s = 302, (1) 
2g+c = 567; (3) 


2g — 2c — 2s = —604 Multiplying equation (1) by —2 
2g+ c = 567 (3) 
—c — 2s = —37. (4) Adding 


Next, we solve the resulting system of equations (2) and (4): 


65, (2) 
—37; (4) 


2c + 3s 
—c — 2s 


2c+3s= 65 (2) 
—2c — 4s = —74 Multiplying equation (4) by 2 
—-s=-9 Adding 
s=9. 
To find c, we substitute 9 for s in equation (4) and solve for c: 
—c — 2s = —37 (4) 
—c — 2(9) = —37 Substituting 


—c-— 18 = -37 
—c=—19 
c= 19. 


To find g, we substitute 19 for c in equation (3) and solve for g: 
2g + c = 567 (3) 
2g + 19 = 567 Substituting 
2g = 548 
g = 274. 


The solution is c = 19, g = 274,s = 9, or (19, 274, 9). 


. Check. The sum of 19, 274, and 9 is 302 so the total cholesterol in 
1 cupcake, 1 egg, and 1 slice of pizza checks. Two cupcakes and three 
slices of pizza would contain 2 - 19 + 3 - 9, or 65 mg, while two eggs and 
one cupcake would contain 2 - 274 + 19, or 567 mg of cholesterol. The 
answer checks. 


. State. A cupcake contains 19 mg of cholesterol, an egg contains 274 mg of 
cholesterol, and a slice of pizza contains 9 mg of cholesterol. ) 


. Client Investments. Kaufman 


Financial Corporation makes 
investments for corporate 
clients. One year, a client 
receives $1620 in simple interest 
from three investments that 
total $25,000. Part is invested at 
5%, part at 6%, and part at 7%. 
There is $11,000 more invested 
at 7% than at 6%. How much 


Do Exercise 2. 


was invested at each rate? 


Answer 
2. $4000 at 5%; $5000 at 6%; $16,000 at 7% 


3.6 Solving Applied Problems: Three Equations 293 


1. Scholastic Aptitude Test. More than two million high- 
school students take the Scholastic Aptitude Test each 
year as part of the college admission process. Students 
receive a critical reading score, a mathematics score, and 
a writing score. The average total score of students who 
graduated from high school in 2008 was 1511. The aver- 
age math score exceeded the average reading score by 
13 points. The average math score was 481 points less 
than the sum of the average reading and writing scores. 
Find the average score on each part of the test. 

Source: College Board 


3. Triangle Measures. In triangle ABC, the measure of 
angle B is three times that of angle A. The measure 
of angle Cis 20° more than that of angle A. Find the 
measure of each angle. 


5. The sum of three numbers is 55. The difference of the 
largest and the smallest is 49, and the sum of the two 
smaller is 13. Find the numbers. 
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2. Fat Content of Fast Food. Ameal at McDonald’s 
consisting of a Big Mac, a medium order of fries, and a 
21-oz vanilla milkshake contains 66 g of fat. The Big Mac 
has 11 more grams of fat than the milkshake. The total 
fat content of the fries and the shake exceeds that of the 
Big Mac by 8 g. Find the fat content of each food item. 
Source: McDonald's 


ae 


4. Triangle Measures. {n triangle ABC, the measure 
of angle B is twice the measure of angle A. The measure 
of angle Cis 80° more than that of angle A. Find the 
measure of each angle. 


6. The sum of three numbers is —30. The largest minus 
twice the smallest is 45, and the largest is 20 more than 
the middle number. Find the numbers. 
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7. Automobile Pricing. Arecent basic model ofa particular 


automobile had a price of $12,685. The basic model with 
the added features of automatic transmission and 
power door locks was $14,070. The basic model with air 
conditioning (AC) and power door locks was $13,580. 
The basic model with AC and automatic transmission 
was $13,925. What was the individual cost of each of the 
three options? 


. Low-Fat Fruit Drinks. A Smoothie King® on a large 
college campus recently sold small low-fat fruit 
Smoothies for $4.30 each, medium Smoothies for $6.50 
each, and large Smoothies for $8.00 each. One hot 
summer afternoon, Jake sold 34 Smoothies for a total of 
$211. The number of small and large Smoothies, 
combined, was 2 more than the number of medium 
Smoothies. How many of each size were sold? 

Source: campusfood.com 


11. Investments. A business class divided an imaginary 


investment of $80,000 among three mutual funds. The 
first fund grew by 2%, the second by 6%, and the third 
by 3%. Total earnings were $2250. The earnings from the 
first fund were $150 more than the earnings from the 
third. How much was invested in each fund? 


8. Telemarketing. Steve, Teri, and Isaiah can process 
740 telephone orders per day. Steve and Teri together 
can process 470 orders, while Teri and Isaiah together 
can process 520 orders per day. How many orders 
can each person process alone? 


10. Cappuccinos. A Starbucks® on campus sells 
cappuccinos in three sizes: tall for $2.65, grande for 
$3.20, and venti® for $3.50. One morning, Brianna 
served 50 cappuccinos. The number of tall and 
venti® cappuccinos, combined, was 2 fewer than 
the number of grande cappuccinos. If she collected 
a total of $157, how many cappuccinos of each size 
were sold? 


Source: Starbucks® Corporation 


12. Crying Rate. The sum of the average number of times 
that a man, a woman, and a one-year-old child cry each 
month is 71.7. A one-year-old cries 46.4 more times than 
aman. The average number of times that a one-year-old 
cries per month is 28.3 more than the average number 
of times combined that a man and a woman cry. What 
is the average number of times per month that each 
cries? 
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13. Veterinary Expenditure. The sum of the average 14. Welding Rates. Eldon, Dana, and Casey can weld 


amounts Americans spent, per animal, for veterinary 74 linear feet per hour when working together. Eldon 
expenses for dogs, cats, and birds in a recent year was and Dana together can weld 44 linear feet per hour, 
$290. The average expenditure per dog exceeded the sum while Eldon and Casey can weld 50 linear feet per hour. 
of the averages for cats and birds by $110. The amount How many linear feet per hour can each weld alone? 


spent per cat was 9 times the amount spent per bird. 
Find the average amount spent on each type of animal. 


Source: American Veterinary Medical Association 


15. Nutrition. A dietician in a hospital prepares meals 16. Nutrition. Repeat Exercise 15 but replace the broccoli 
under the guidance of a physician. Suppose that for a with asparagus, for which one 180-g serving contains 
particular patient a physician prescribes a meal to have 50 calories, 5 g of protein, and 44 mg of vitamin C. 

800 calories, 55 g of protein, and 220 mg of vitamin C. The Which meal would you prefer eating? 


dietician prepares a meal of roast beef, baked potato, and 
broccoli according to the data in the following table. 


PROTEIN VITAMIN C 
(in milligrams) 


| 


How many servings of each food are needed in order to 
satisfy the doctor’s orders? 


296 CHAPTER 3 _ Systems of Equations 


Copyright © 2011 Pearson Education, Inc. 


17. Lens Production. When Sight-Rite’s three polishing 


19. 


21. 


machines, A, B, and C, are all working, 5700 lenses 

can be polished in one week. When only A and B are 
working, 3400 lenses can be polished in one week. When 
only B and C are working, 4200 lenses can be polished in 
one week. How many lenses can be polished in a week 
by each machine alone? 


Golf. Onan 18-hole golf course, there are par-3 holes, 
par-4 holes, and par-5 holes. A golfer who shoots par on 
every hole has a total of 70. There are twice as many 
par-4 holes as there are par-5 holes. How many of each 
type of hole are there on the golf course? 


18. Nutrition Facts. A meal at Subway consisting of a 6-in. 


20. 


turkey breast sandwich, a bowl of minestrone soup, and a 
chocolate chip cookie contains 580 calories. The number 
of calories in the sandwich is 20 less than in the soup and 
the cookie together. The cookie has 120 calories more 
than the soup. Find the number of calories in each item. 
Source: Subway 


Golf. Onan 18-hole golf course, there are par-3 holes, 
par-4 holes, and par-5 holes. A golfer who shoots par on 
every hole has a total of 72. The sum of the number of 
par-3 holes and the number of par-5 holes is 8. How 
many of each type of hole are there on the golf 

course? 


Basketball Scoring. The New York Knicks once scored a 
total of 92 points on a combination of 2-point field goals, 

3-point field goals, and 1-point foul shots. Altogether, the 
Knicks made 50 baskets and 19 more 2-pointers than foul 
shots. How many shots of each kind were made? 


22. 


History. Find the year in which the first U.S. transcon- 
tinental railroad was completed. The following are some 
facts about the number. The sum of the digits in the year 
is 24. The ones digit is 1 more than the hundreds digit. 
Both the tens and the ones digits are multiples of 3. 
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Skill Maintenance 


In each of Exercises 23-30, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


23. The expression x = q means x is q. 
[1.4d] 


24. When two sets have no elements in common, the 
intersection of the two sets is called the 
[1.5a] 


25. The graph of a(n) equation is a line. 


parallel 
perpendicular 
union 

empty set 
consistent 
inconsistent 
linear 


x-intercept 


[2.1c] : 
y-intercept 
positive 

26. When the slope of a line is , the graph of the line zero 
slants down from left to right. [2.4b] ‘ 
negative 
vertical 
27. A(n) system of equations has at least one horizontal 
solution. [3.la] 
at least 
at most 


28. Two lines are 
is—1. [2.5d] 


29. The 
point (0,b). [2.4a] 


30. When the slope of a line is zero, the graph of the line is 
[2.4b] 


Synthesis 


31. Find the sum of the angle measures at the tips of the star 
in this figure. 


33. Digits. Find a three-digit positive integer such that the 
sum of all three digits is 14, the tens digit is 2 more than 
the ones digit, and if the digits are reversed, the number 
is unchanged. 
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if the product of their slopes 


of the graph of f(x) = mx + bis the 


32. Sharing Raffle Tickets. Hal gives Tom as many raffle 
tickets as Tom has and Gary as many as Gary has. In like 
manner, Tom then gives Hal and Gary as many tickets as 
each then has. Similarly, Gary gives Hal and Tom as 
many tickets as each then has. If each finally has 
40 tickets, with how many tickets does Tom begin? 


34. Ages. Tammy’s age is the sum of the ages of Carmen 
and Dennis. Carmen's age is 2 more than the sum of the 
ages of Dennis and Mark. Dennis's age is four times 
Mark’s age. The sum of all four ages is 42. How old is 
Tammy? 
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A graph of an inequality is a drawing that represents its solutions. An inequal- 
ity in one variable can be graphed on the number line. (See Section 1.4.) An 
inequality in two variables can be graphed on a coordinate plane. 

A linear inequality is one that we can get from a related linear equation 
by changing the equals symbol to an inequality symbol. The graph of a linear 
inequality is a region on one side of a line. This region is called a half-plane. 
The graph sometimes includes the graph of the related line at the boundary 
of the half-plane. 


(a) Solutions of Inequalities 


in Two Variables 


The solutions of an inequality in two variables are ordered pairs. 


EXAMPLES Determine whether the ordered pair is a solution of the in- 
equality 5x — 4y > 13. 
1. (—3,2) 
We have 
5x — 4y > 13 
5(-3) — 4:2 213. Weuse alphabetical order to replace x 
-15-8 with —3 and y with 2. 
—23 FALSE 


Since —23 > 13 is false, (—3, 2) is not a solution. 


2. (4,-3) 
We have 
5x — 4y > 13 
5(4) — 4(-3) 2.13 Replacing x with 4 and y with —3 
20 + 12 
32 TRUE 
Since 32 > 13 is true, (4, —3) is a solution. ) 


[Do Margin Exercises 1 and 2. 


Graphing Inequalities 
in Two Variables 


Let’s visualize the results of Examples 1 and 2. The equation 5x — 4y = 13 is 
represented by the dashed line in the graphs on the following page. The solu- 
tions of the inequality 5x — 4y > 13 are shaded below that dashed line. As 
shown in the graph on the left, the pair (—3,2) is not a solution of the 
inequality 5x — 4y > 13 and is not in the shaded region. 


SKILL TO REVIEW 
Objective 2.5a: Graph linear 
equations using intercepts. 


Find the intercepts. Then graph the 
equation. 


1. 3x — 2y=6 


2. 2x+y=4 


1. Determine whether (1, —4) isa 
solution of 4x — 5y < 12. 
Ax — 5y < 12 
SEA ESS, 
2 


| 


2. Determine whether (4, —3) isa 
solution of 3y — 2x = 6. 
oly = we S 6 
2 


Answers 


Answers to Skill to Review Exercises 1 and 2 
and Margin Exercises 1 and 2 are on p. 300. 


3.7 Systems of Inequalities in Two Variables 299 


Answers 


Skill to Review: 


3x - 2y=6 


Margin Exercises: 
1. No 2. Yes 


300 


VA VA 
5 5 
Nota'4 Zz 2 
solution 3 Tae 3 
i e 2 foe! 2 
(—3, 2) 4. 1 
—5—4—3-2-1 z A ~5-4-3-2-1) 1 AS . 
7 7 Asolution 
+3 fee Qeecieee! 
Ars 
fi 7>5)-5x — 4y >13" 
Bae. CES eee eee 


The pair (4, —3) is a solution of the inequality 5x — 4y > 13 and is in the 
shaded region. See the graph on the right above. 
We now consider how to graph inequalities. 


EXAMPLE 3. Graph: y < x. 


We first graph the line y = x. Every solution of y = x is an ordered pair 
like (3, 3), where the first and second coordinates are the same. The graph of 
y = xis shown on the left below. We draw it dashed because these points are 
not solutions of y < x. 


VA YA 
a a 
5 ya 5 Z. 
4 4 a 
3 é. 3 < 
(2, 2), 7 (3, 3) 7 
2 © 2 4 e 
‘ ff, tlmaZ (4, 2) 
7 
(0, 0) CD i L " 
-5-4-3-2-17]/ 12345  % ~5-4-3-2-lf] 123 45 5% 
pal een Sp F 
(—2, 2)" | Ch) 4-2 FA 
(—3, —3): 7 7 (2, —2) 
2 —3 7 -3 
4 = = 
7 : 7(-3, -5) 4 *(3, —4) 
a =o 7 = 
z z 


Now look at the graph on the right above. Several ordered pairs are plot- 
ted on the half-plane below y = x. Each is a solution of y < x. We can check 
the pair (4, 2) as follows: 


y<x 
2 2 4 TRUE 
It turns out that any point on the same side of y = x as (4, 2) is also a solution. 
Thus, if you know that one point in a half-plane is a solution of an inequality, 


then all points in that half-plane are solutions. In this text, we will usually 
indicate this by color shading. We shade the half-plane below y = x. 


For any point 
here, y = x. 


For any point 
here, y < x. 


Systems of Equations 


' EXAMPLE 4 Graph: 8x + 3y = 24. 


First, we sketch the line 8x + 3y = 24. Points on the line 8x + 3y = 24 
are also in the graph of 8x + 3y = 24, so we draw the line solid. This indicates 
that all points on the line are solutions. The rest of the solutions are in the 
half-plane either to the left or to the right of the line. To determine which, we 
select a point that is not on the line and determine whether it is a solution of 
8x + 3y = 24. We try (—3, 4) as a test point: 


8x + 3y = 24 
8(—3) + 3(4) 2? 24 
—24 + 12 
—12 FALSE 


We see that —12 = 24 is false. Since (—3,4) is not a solution, none of the 
points in the half-plane containing (—3, 4) is a solution. Thus the points in 
the opposite half-plane are solutions. We shade that half-plane and obtain 
the graph shown below. 


HY wR Oo OD A Ce 


To graph an inequality in two variables: 


1. Replace the inequality symbol with an equals sign and graph this 
related equation. This separates points that represent solutions 
from those that do not. 


2. Ifthe inequality symbol is < or >, draw the line dashed. If the 
inequality symbol is = or =, draw the line solid. 


3. The graph consists of a half-plane that is either above or below or 
to the left or to the right of the line and, if the line is solid, the line 
as well. To determine which half-plane to shade, choose a point 
not on the line as a test point. If the line does not go through the 
origin, (0, 0) is an easy point to use. Substitute to determine 
whether that point is a solution. If so, shade the half-plane 
containing that point. If not, shade the opposite half-plane. 
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| EXAMPLE 5 Graph: 6x — 2y < 12. 


1. We first graph the related equation 6x — 2y = 12. 

2. Since the inequality uses the symbol <, points on the line are not solutions 
of the inequality, so we draw a dashed line. 

3. To determine which half-plane to shade, we consider a test point not on 
the line. We try (0, 0) and substitute: 


6x — 2y < 12 
6(0) — 2(0) ? 12 
0-0 
0 TRUE 


Since the inequality 0 < 12 is true, the point (0,0) is a solution; each 
Graph. point in the half-plane containing (0, 0) is a solution. Thus each point in 
3. 6x — 3y < 18 the opposite half-plane is not a solution. The graph is shown below. 


Do Exercises 3 and 4. 


) EXAMPLE 6 Graphx > —3 onaplane. 


There is a missing variable in this inequality. If we graph the inequality on 
the number line, its graph is as follows: 


-4-3-2-1 012 3 4 5 


However, we can also write this inequality as x + Oy > —3 and consider 

graphing it in the plane. We are, in effect, determining which ordered pairs 

have x-values greater than —3. We use the same technique that we have used 
Answers with the other examples. We first graph the related equation x = —3 in the 
plane. We draw the boundary with a dashed line. The rest of the graph is a 
half-plane to the right or to the left of the line x = —3. To determine which, 
we consider a test point, (2, 5): 


x + Oy > —-3 


2+ 0(5) ? —3 
2 | TRUE 


4x + 3y>12 
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Since (2,5) is a solution, all the points in the half-plane containing (2, 5) are 
solutions. We shade that half-plane. 


{ EXAMPLE 7 Graphy < 4onaplane. 


We first graph y = 4 using a solid line. We then use (—2, 5) as a test point 
and substitute in0x + y = 4: 


Ox+ys4 
0(-2) +524 
oS Graph on a plane. 
5 FALSE ae 


We see that (—2,5) is nota solution, so all the points in the half-plane con- 
taining (—2,5) are not solutions. Thus each point in the opposite half-plane 
is a solution. 


) 
Do Exercises 5 and 6. 


Answers 


(c) Systems of Linear Inequalities 


The following is an example of a system of two linear inequalities in two 
variables: 


x+y=4, 

x-y<A4. 
A solution of a system of linear inequalities is an ordered pair that is a 
solution of both inequalities. We now graph solutions of systems of linear 
inequalities. To do so, we graph each inequality and determine where the 


graphs overlap, or intersect. That will be a region in which the ordered pairs 
are solutions of both inequalities. 
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' EXAMPLE 8 Graph the solutions of the system 
x+y=4, 
x-y<A. 
We graph x + y = 4 by first graphing the equation x + y = 4 using a 
solid red line. We consider (0, 0) as a test point and find that it is a solution, 
so we shade all points on that side of the line using red shading. (See the 


graph on the left below.) The arrows near the ends of the line also indicate the 
half-plane, or region, that contains the solutions. 


Next, we graph x — y < 4. We begin by graphing the equation x — y = 4 
using a dashed blue line and consider (0, 0) as a test point. Again, (0,0) isa 
solution so we shade that side of the line using blue shading. (See the graph 
on the right above.) The solution set of the system is the region that is shaded 
both red and blue and part of the line x + y = 4. (See the graph below.) 


Do Exercise 7. 
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| EXAMPLE 9 Graph: —-2 <x <5. 
This is actually a system of inequalities: 


—2 =X, 
x=5. 


We graph the equation —2 = x and see that the graph of the first inequality is 
the half-plane to the right of the line —2 = x. (See the graph on the left below.) 

Next, we graph the second inequality, starting with the line x = 5, and 
find that its graph is the line and also the half-plane to the left of it. (See the 
graph on the right below.) 


We shade the intersection of these graphs. 


8. Graph: -3 sy <4. 


i 
Do Exercise 8. 


Answer 
8. 
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A system of inequalities may have a graph that consists of a polygon and 
its interior. In linear programming, which is a topic rich in application that 
you may study in a later course, it is important to be able to find the vertices 
of such a polygon. 


| EXAMPLE 10 Graph the following system of inequalities. Find the coordi- 
nates of any vertices formed. 
6x- 2y= 12, (1) 
x+y20 (3) 


We graph the lines 6x — 2y = 12,y -3 = 0, and x + y = 0 using solid 
lines. The regions for each inequality are indicated by the arrows at the ends 
of the lines. We then note where the regions overlap and shade the region of 
solutions using one color. 


To find the vertices, we solve three different systems of equations. The 
system of equations from inequalities (1) and (2) is 


6x -— 2y=12, (1) 


y-3=0. (2) 
9. Graph the system of inequalities. 
Find the coordinates of any 
vertices formed. 


Solving, we obtain the vertex (3, 3). 
The system of equations from inequalities (1) and (3) is 


Gee ar GP Ss Sh), 6x — 2y = 12, (1) 
O=y=3, x+y=0. (3) 
0O=x=4 3 


Solving, we obtain the vertex C - 3). 
The system of equations from inequalities (2) and (3) is 


y—3=0, (2) 
x+y=0. (3) 


Solving, we obtain the vertex (—3, 3). ) 


Do Exercise 9. 
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EXAMPLE 11 Graph the following system of inequalities. Find the coordi- 
nates of any vertices formed. 
x+y 16, (1) 
3x + 6y = 60, (2) 
x=0, (3) 
y20 (4) 

We graph each inequality using solid lines. The regions for each inequality 


are indicated by the arrows at the ends of the lines. We then note where the 
regions overlap and shade the region of solutions using one color. 


To find the vertices, we solve four different systems of equations. The sys- 
tem of equations from inequalities (1) and (2) is 
xt+y=16, (1) 
3x + 6y = 60. (2) 


Solving, we obtain the vertex (12, 4). 
The system of equations from inequalities (1) and (4) is 


x+y= 16, (1) 
10. Graph the system of inequalities. 


= 0; 4 
ai is Find the coordinates of any 
Solving, we obtain the vertex (16, 0). vertices formed. 

The system of equations from inequalities (3) and (4) is 2x + 4y = 8, 
x=0, (3) 38 ar WV SS 8 
y=0. (4) x=0, 

y=0 


The vertex is (0, 0). 
The system of equations from inequalities (2) and (3) is 


3x + 6y= 60, (2) 
x=0. (3) 


Solving, we obtain the vertex (0, 10). ) 


Do Exercise 10. 


Answer 
10. 


By. 
(0, 0)—21(3, 0) 
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Visualizing 
for Success 


Match the equation, inequality, system of 
equations, or system of inequalities with its 
graph. 


lx+y=-4, 
2x+y=-8 


. 2x + Sy = 10 


~2x —- 2y=5 


2x — 5y = 10 


~-2y <8 


~ 9x — 2y = 10 


~5x + 2y < 10, 
2x — 5y > 10 


-5x = -10 


-y-2x<8 


Answers on page A-12 


Exercise Set 


For Extra Help 
MyMathLab 


Mathéxp i. 


PRACTICE WATCH 


DOWNLOAD 


READ 


REVIEW 


(a) Determine whether the given ordered pair is a solution of the given inequality. 


1. (—3,3); 3x + y< —5 


2. (6,—8); 4x + 3y=0 


(b) Graph each inequality on a plane. 


3. (5,9); 2x -y>-l1 


4. (5,-2); 6y-—x>2 


5. y > 2x 6. y < 3x 7y<xt+1 8B ysx-3 
y YA YA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
~5-4-3-2-1,/ 12345 x se ea eon eee ee w8r4738r27hyf4.2.3.4.5. x wor4c3r271 yf 1 2.3.4.5 x 
=) +2 +2. -2 
29) +3 +3 -3 
Sif +4 —4 -4 
25 +5 +5 —5 
%9y>x-2 10.y2=x+4 llx+y<4 12x-y=3 
VA y VA VA 
5 5 65 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> 
woc4c3r2rhyid.2.3.4.5. * sor453r2r1 yf 1238 4.5 0 x ee ee et et ee A ee ee Dai ote any mete: * 
2 a) +2 +2 
3 +3 =3 =3 
-4 LA L4 —4 
5. £5 =5 =s 
13. 3x + 4y = 12 14. 2x + 3y < 6 15. 2y — 3x > 6 16. 2y-x=4 
YA YA VA y 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
— > 
tTor4c3r2rh yt 2.3 4.5.0 x Tor4—372-1 yf] 123 450 x ~Sr47372-1)] 1.2.3.4 5 0 x T974-372-1)y] 12 3 4.5 x 
=) £2, +2 +2 
=3 -3 =3 3 
LA +4 -4 -4 
Ls “5 5 +5 
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17. 3x -2<5x+y 18. 2x — 2y=>8 + 2y 19.x <5 20. y= -2 


YA YA VA VA 

5 5 5 5 

4 4 4 4 

3 3 3 3 

2 2 2 2 

1 1 1 1 
wo r4r 35271 yfd2.3. 4.505 x 79747372714) 1.2.3.4 5.0 x i a: or4737271y)12.3.4.5 

7) +2 +2 42 

Ls =3 3 43 

-4 -4 4 -4 

-5 —5 £5 -5 
2ley>2 22.x = —-4 23. 2x + 3y = 6 24. 7x + 2y = 21 

VA ZN y VA 

5 5 5 5 

4 4 4 4 

3 3 3 3 

2 2 2 2 

1 1 1 1 
-5-4-3-2-1,[12345 x ee oe et =$-4-3-2-1)|.1.2.3.4.5. 5% ae ee ee 

2 2 —2 —2 

3 =3 =3 +3 

-4 +4 —4. —4 

bs. +5 55 =5 


Matching. Each of Exercises 25-30 shows the graph of an inequality. Match the graph with one of the appropriate inequalities 
(A)-(F) that follow. 


26. y 
_— — 
4... = 
3|. 
93: ae i 
1... 
i 
~5-4-3-2-1,| 123.45 % 
Lo). ar 
23h 
H4). dn 
i5... 
v 
28. YR 29. YA 30. VA 
i : i ® my Oe 
5 Se ee at eee ee 
4 a ulertyatere 
3 |. 
2 Sat boone 
1 1. Be 5 
< 
~$-4-3-2-1,] 12345 % % —5-4-3-2-1,| 12 N45 x 
+2. =) Ba 
Sn, +3 
i ose aie eee eet fhe ig 
+5 +5 
A. 4y > 8 — 3x B. 3x = 5y— 15 Cytxs-3 Dx>1 E y= -3 EF 2x —- 3y <6 
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yy e™N 
ic _ Graph each system of inequalities. Find the coordinates of any vertices formed. 


31. y =x, 32. y= x, 33. y > x, 34. y < x, 
ys -x+2 ys -x+4 y<-x+1 y>-x +3 
VA y VA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
= > = > 
~o74-372-1y). 1.2.3.4. 5.5 x wor4c3r2ch yp 2. 3.4.5. x tor4c352rhy] 12.3 4.5.5 x ~5747372-1,). 1.2. 3.4.5.5 x 
+2 +2 +2 +2 
+3 +3 +3 +3 
“4 -4 “4 -4 
-5 “5 “5 -5 
35.x <3, 36. x = —2, 37.x+ y= 1, 38. x+y 3, 
y2-3x + 2 ys -2x+3 Gye 2 x-ys4 
VA VA VA VA 
10 10 5 5 
8 8 4 4 
6 6 3 3 
4 4 2 2 
2 2 1 1 
> > 
~10-8-6-4-2 5) 2 4.6 810 x ~10-8-6-4-2 5) 2.4.6 810 x 974-372-1y] 1.2.3. 4.5 0° x o74-372-1)) 1.2.3 4.5.0 x 
-4 -4 +2 +2 
6 -6 ~3 +3 
-8 +8 -4 “4 
-10 -10 -5 “5 
39. y = 2x + 1, 40. x-y=2, 41.x+ 2y= 12, 42..V =x = 1; 
y= -2x +1, x + 2y = 8, ax+y= 12, y-xs3, 
x=2 ys4 x20, 2=x=5 
=0 
vA y - 
5 10 YK V4 
4 8 10 10 
3. 6 8 8 
2. 4 6 6 
1 2 4 4 
> 2 2 
T574-372-1y].1.2.3.4.5. x ~10-8-6 4-25) 2.4.6 810 x as) 
+2 v4 ~10-8-6-4-2 5) 2 4.6 810 x ~10-8-6-4-2 5) 2.4.6 810° x 
es 76 “4 4 
+4 =8 £6 -6 
<5 -10 8 8 
-10 -10 
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Skill Maintenance 


Solve. [1.1d] 
43. 5(3x — 4) = —2(x + 5) 


47. 5x + 7x = —144 


Given the function f(x) = |2 — x 


49. f(0) 50. f(—1) 
53. f(—2) 54. f(2a) 
Synthesis 


57. Luggage Size. Unless an additional fee is paid, most 
major airlines will not check any luggage for which the 
sum of the item's length, width, and height exceeds 
62 in. The U.S. Postal Service will ship a package only 
if the sum of the package’s length and girth (distance 
around its midsection) does not exceed 130 in. Video 
Promotions is ordering several 30-in. long cases that 
will be both mailed and checked as luggage. Using w 
and h for width and height (in inches), respectively, 
write and graph an inequality that represents all 
acceptable combinations of width and height. 


Source: U.S. Postal Service 


pao Girth 


312 CHAPTER 3 __ Systems of Equations 


44. 4(3x+4)=2-x 


46. 10x — 8(3x — 7) = 2(4x — 1) 


48. 0.5x — 2.34 + 2.4x = 7.8x — 9 


, find each of the following function values. [2.2b] 


51. f(1) 52. f(10) 


55. f(—4) 56. f(1.8) 


58. Exercise Danger Zone. Itis dangerous to exercise when 
the weather is hot and humid. The solutions of the 
following system of inequalities give a “danger zone” for 
which it is dangerous to exercise intensely: 

4H — 3F < 70, 
F+H> 160, 
2F + 3H > 390, 
where F is the temperature, in degrees Fahrenheit, and 
His the humidity. 


a) Draw the danger zone by graphing the system of 
inequalities. 

b) Is it dangerous to exercise when F = 80° and 
H = 80%? 
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Summary and Review 


Va 
Key Terms and Formulas 
system of equations, p. 244 independent equations, p. 248 system of linear inequalities, p. 303 
solutions of a system of equations, p.244 substitution method, p. 253 solution of a system of linear 
consistent system of equations, p. 247 elimination method, p. 259 inequalities, p. 303 
inconsistent system of equations, p.247 _ linear equation in three variables, p. 284 
dependent equations, p. 248 linear inequality, p. 299 


Motion formula: d= rt 


Concept Reinforcement 


Determine whether each statement is true or false. 


1. Asystem of equations with infinitely many solutions is inconsistent. [3.1a] 


2. It is not possible for the equations in an inconsistent system of two equations to be 
dependent. [3.1a] 


3. If one point in a half-plane is a solution of a linear inequality, then all points in that 
half-plane are solutions. [3.7b] 


4. Every system of linear inequalities has at least one solution. [3.7c] 


Important Concepts 


Objective 3.1a Solve a system of two linear equations or two functions by graphing and determine 
whether a system is consistent or inconsistent and whether the equations in a system are 
dependent or independent. 


Example Solve this system of equations graphically. Then Practice Exercise 
classify the system as consistent or inconsistent and the 


: ; 1. Solve this system of equations graphically. Then 
equations as dependent or independent. 


classify the system as consistent or inconsistent and 


x-y=3, the equations as dependent or independent. 
y=2x-4 x+ 3y=1, 
We graph the equations. x+ y=3 


The point of intersection appears to be (1, —2). This checks 
in both equations, so it is the solution. The system has one 
solution, so it is consistent and the equations are 
independent. 


x 
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“ 
Objective 3.2a Solve systems of equations in two variables by the substitution method. 


Example Solve the system Practice Exercise 
x— 2y=1, (1) 2. Solve the system 
2x — 3y = 3. (2) 2x+ y=2, 
We solve equation (1) for x, since the coefficient of x is 3x + 2y = 5. 


1 in that equation: 
x-—2y=1 
x=2y+1. (3) 
Next, we substitute for x in equation (2) and solve for y: 
2x — 3y = 3 
2(2y + 1) —- 3y =3 
4y+2-3y=3 
yt2=3 
y=1. 
Then we substitute 1 for yin equation (1), (2), or (3) and 
find x. We choose equation (3) since it is already solved for x: 


x=2y+1=2-14+1=24+1=3. 


Check: x-2y=1 2x — 3y =3 
3-2-1] ¢ 1 222 = 32 1 2.3 
3 = 2 6-3 
1 TRUE 3 TRUE 


The ordered pair (3, 1) checks in both equations, so it is the 
solution of the system of equations. 


Objective 3.3a Solve systems of equations in two variables by the elimination method. 


Example Solve the system Practice Exercise 
2a+3b=-1, () 3. Solve the system 
3a + 2b=6. (2) 2x + 3y = 5, 
We could eliminate either a or b. In this case, we 3x + 4y = 6. 


decide to eliminate the a-terms. We multiply equation (1) 
by 3 and equation (2) by —2 and then add and solve for b: 


6a + 9b = —3 
—6a — 4b = -12 
5b = —15 
=.-3, 
Next, we substitute —3 for b in either of the original 
equations: 


2a+3b=-1 (1) 
2a + 3(-3) = —1 


2a-9=—-1 
2a=8 
a=A., 


The ordered pair (4, —3) checks in both equations, so it is a 
solution of the system of equations. 
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Objective 3.5a Solve systems of three equations in three variables. 


Example Solve: Practice Exercise 
x- y- zZ=-2, (1) 4. Solve: 
2x+ 3y+ zZ2=3, (2) x- y+ z=9, 
5x—- 2y-2z=-1. (3) 2x+ yt 2z=3, 
The equations are in standard form and do not 4x + 2y—-3z=-1. 


contain decimals or fractions. We choose to eliminate z 
since the z-terms in equations (1) and (2) are opposites. 
First, we add these two equations: 


Xx- y-Z=-2 

2x+ 3y+z=3 

3x + 2y = 1. (4) 
Next, we multiply equation (2) by 2 and add it to equation 
(3) to eliminate z from another pair of equations: 

4x + 6y + 2z2=6 

5x — 2y—-2z=-1 

9x + 4y = 5. (5) 
Now we solve the system consisting of equations (4) and 
(5). We multiply equation (4) by —2 and add: 


—6x — 4y = —2 
9x + 4y = 
3x = 

x= 


Then we use either equation (4) or (5) to find y: 


3x + 2y=1 (4) 
3:1+2y=1 
34+ 2y=1 
2y = -2 
y=-l. 


Finally, we use one of the original equations to find z: 
Q2x+3y+z=3 (2) 
2-14+3(-l)+z=3 


-1+z=3 
Z=A, 
Check 
eV 2-2 2x+ 3y+Z= 
1—(-1)-4?-2 2-1+3(-1)+423 
1+1-4 2-3+4 
=2 TRUE 3 TRUE 
9% = .2y — 22: = — 
§=— 21) 2-4 ¢ =1 
5.2. 8 
=] TRUE 


The ordered triple (1, —1, 4) checks in all three equations, 
so it is the solution of the system of equations. 
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Objective 3.7b Graph linear inequalities in two variables. 


Example Graph: 2x + y = 4. Practice Exercise 
First, we graph the line 2x + y = 4. The intercepts are 5. Graph: 3x — 2y > 6. 
(0, 4) and (2, 0). We draw the line solid since the inequality 
symbol is =. Next, we choose a test point not on the line , # 


and determine whether it is a solution of the inequality. 
We choose (0, 0), since it is usually an easy point to use. 


2x ahs y = 4 rSc453727]) 12345 x 
eset es a9 
2-04+024 ces 

0 | TRUE be 


Since (0, 0) is a solution, we shade the half-plane that 
contains (0, 0). 


Objective 3.7c Graph systems of linear inequalities and find coordinates of any vertices. 


Example Graph this system of inequalities and find the Practice Exercise 
coordinates of any vertices formed: 6. Graph this system of inequalities and find the coordi- 
x-2y2-2, () nates of any vertices found: 
3x- y=4, (2) x- 2y=4, 
y= = (3) x+ ys4, 
We graph the related equations using solid lines. Then x- 120. 


we indicate the region for each inequality by arrows at the 
ends of the line. Next, we shade the region of overlap. 


L234 5 5% 


To find the vertices, we solve three different systems of 
related equations. From (1) and (2), we solve 


x — 2y= -2, 
3x- yH=4 
to find the vertex (2, 2). From (1) and (3), we solve 
x — 2y= -2, 
yo rl 
to find the vertex (—4, —1). From (2) and (3), we solve 
3x —y=4, 
y=rl 


to find the vertex (1, —1). 
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Review Exercises 


Solve graphically. Then classify the system as consistent or 
inconsistent and the equations as dependent or indepen- 
dent. [3.1a] 


l. 4x —y=—-49, 2. 15x + 1l0y = —20, 
x-y=-3 3x+ 2y=—-4 
3. y- 2x =4, 
y- 2x=5 


Solve by the substitution method.  [3.2a] 


4. 2x — 3y = 5, 5. y=xt 2, 
x=4y+5 you = 8 
6. 7x — 4y = 6, 
Yr ste =2 


Solve by the elimination method. [3.3a] 
7 x + 3y= —-3, 8. 3x — Sy = —4, 


2x — 3y = 21 Sx — 3y=4 
1 2 
9. =x + a” 1, 10. 1.5x — 3 = —2y, 
1 3x + 4y=6 
2 ere 


11. Spending Choices. Sean has $86 to spend. He can 
spend all of it on one CD and two DVDs, or he can buy 
two CDs and one DVD and have $16 left over. What is 


the price ofa CD? ofa DVD? [3.4a] 


. 


12. Orange Drink Mixtures. “Orange Thirst” is 15% 
orange juice and “Quencho” is 5% orange juice. How 
many liters of each should be combined in order to get 
10 L ofa mixture that is 10% orange juice? [3.4a] 


13. Train Travel. A train leaves Watsonville at noon 
traveling north at 44 mph. One hour later, another 
train, going 52 mph, travels north on a parallel track. 
How many hours will the second train travel before it 
overtakes the first train? [3.4b] 


Solve. [3.5a] 

14. x + 2y z= 10, 15. 3x + 2y z=1, 
2x- yt z=8, 2X4] yo 32= I, 
3x y+ 4z=2 x+ 3y + 2z=6 

16. 2x — Sy —- 2z = -4, 17. x y+ 2z=1, 

7x + 2y — 5z = —6, Xx- yr z=], 
—2x + 3y+ 2z=4 x 2Y Z=2 


18. Triangle Measure. In triangle ABC, the measure of 
angle A is four times the measure of angle C, and the 
measure of angle B is 45° more than the measure of 
angle C. What are the measures of the angles of the 
triangle? [3.6a] 


19. Money Mixtures. Elaine has $194, consisting of $20, 
$5, and $1 bills. The number of $1 bills is 1 less than 
the total number of $20 and $5 bills. If she has 39 bills 
in her purse, how many of each denomination does 
she have? [3.6a] 


Graph. [3.7b] 


20. 2x + 3y < 12 21. y <0 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 pol 


> > 
-5-4-3-2-1,| 12345 % (-5-4-3-2-1,/.123.45 .>% 


ig +2 
+3. +3 
ig +4 
£5. +5 


Summary and Review: Chapter 3 317 


22.x+y21 YR - 26. The sum of two numbers is —2. The sum of twice one 
number and the other is 4. One number is which of the 


5 

4 following? [3.3b] 

a A. -6 B. 2 
1 C. 6 D. 8 


> 
-5-4-3-2-1,| 12345 % 


33 
-4 
“5 
27. Distance Traveled. Two cars leave Martinsville travel- 
ing in opposite directions. One car travels at a speed 
Graph. Find the coordinates of any vertices formed. [3.7c] of 50 mph and the other at 60 mph. In how many 
23. y= -3, 24.x+ 3y=-l, hours will they be 275 miapart? [3.4b] 
x22 x+ 3ys4 A. 2.5 hr B. 3 hr 
YA YA C. 3.5 hr D. 4hr 
5 5 
4 4 
3 3 
2 2 
1 1 
> 
-§-4-3-2-1,[ 12345 % -5-4-3-2-1,[ 12345 x 
bE D entiation +2 Synthesis 
bate i : i 13 
bord ee 24 28. Solve graphically: [2.1d], [3.1a] 
Creer - y=xt2, YA 
y= x24 2. 5 
4 
3 
25.x-—y=3, YA 2 
AP yes 1, 5 1 
ys2 4 ~5-4-3-2-1,/ 123.45 % 
G 2 
: 3 
4 
~b74-3-2-14).1.2.3.4 5 * i i =5 


Understanding Through Discussion and Writing 


1. Write a problem for a classmate to solve. Design the 3. Ticket Revenue. A pops-concert audience of 100 peo- 
problem so the answer is “The florist sold 14 hanging ple consists of adults, senior citizens, and children. The 
baskets and 9 flats of petunias.” [3.4a] ticket prices are $10 each for adults, $3 each for senior 


citizens, and $0.50 each for children. The total amount 
of money taken in is $100. How many adults, senior 
citizens, and children are in attendance? Does there 
seem to be some information missing? Do some care- 


2. Exercise 14 in Exercise Set 3.6 can be solved mentally hilteasoningandexplain. (a6) 


after a careful reading of the problem. Explain how this 

can be done. [3.6a] 4. When graphing linear inequalities, Ron always shades 
above the line when he sees a = symbol. Is this wise? 
Why or why not? = [3.7a] 
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CHAPTER 


Test 


For Extra Help 
MS ie5tBrep 


Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
on DVD, in Mymathiab\) _ and on You" (search “BittingerInterAlgPB” and click on “Channels”). 


Solve graphically. Then classify the system as consistent or inconsistent and the equations as dependent or independent. 


ly=3x+7, 
Si 2ye— 


Solve by the substitution method. 


4. 4x + 3y = -1, 
y=2x-7 


a 
1 Deh OT Se 


Solve by the elimination method. 


7 2x + 5y = 3, 
—2x + 3y=5 


Solve. 


10. Tennis Court. 


2 y=3x+4, 
y= 3x-2 

5 

ray: El be 

3 

a2) 

i 

eae, 

=2 

=3 

-4 

=5 
5. x = 3y + 2, 
2x — 6y = 4 


Gh gear ye =o 
4x — 6by = -3 


The perimeter of a standard tennis court 


used for playing doubles is 288 ft. The width of the court 
is 42 ft less than the length. Find the length and the width. 


12. Chicken Dinners. 


High Flyin’ Wings charges $12 fora 


bucket of chicken wings and $7 for a chicken dinner. 
After filling 28 orders for buckets and dinners during a 
football game, the waiters had collected $281. How 
many buckets and how many dinners did they sell? 


> 
ieee aa 


11. Air Travel. 


3. y — 3x = 6, 
ie = yy = =12 
VA 
B5Bp. 
4 
fellas 
2 
1 
Ss 
Forse ee ill eee 2 
A eol. 
3) 
=A 
45 
6. x + 2y=6, 
2x 4 3y = 7 


2 4 
Ate ys 
1 2 
Ban oly 


An airplane flew for 5 hr with a 20-km/h 


tailwind and returned in 7 hr against the same wind. 
Find the speed of the plane in still air. 


13. Mixing Solutions. 


A chemist has one solution that is 


20% salt and a second solution that is 45% salt. How 
many liters of each should be used in order to get 20 L 
of a solution that is 30% salt? 


Test: Chapter 3 319 


14. Solve: 15. Repair Rates. An electrician, a carpenter, anda 
6x + 2y — 4z = 15, plumber are hired to work on a house. The electrician 
earns $21 per hour, the carpenter $19.50 per hour, and 
ES Sy the plumber $24 per hour. The first day on the job, they 
Ax, — by + 32 — 8. worked a total of 21.5 hr and earned a total of $469.50. If 
the plumber worked 2 hr more than the carpenter did, 
how many hours did the electrician work? 


Graph. Find the coordinates of any vertices formed. 


Gh Vy 2 ae— 2 io 6 —= CY << =O 
VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 
> 
o-=-91 ,| 1e8 28 oe SSL 128 28 eG 
=) 2. 
a : i deel ooere oo 
Lg : +4 
|| eee: i : dnuiea ly 
IG, we ae 7 == Sy, IGE pase Sch, 
= Vy =) Py ae She Ss (4). 
y=0, 
VA x<0 
5 
4 YH 
3 
22 5 
ml i 
Sag | 2 a a 2 
£2. 1. 
3 3-1, 1 2 3 2 6 a 
4 0-4 2-1 : 4 
Ss, 2 
=3 


20. A business class divided an imaginary $30,000 investment among three funds. The first fund grew 2%, the second grew 3%, 
and the third grew 5%. Total earnings were $990. The earnings from the third fund were $280 more than the earnings from 
the first. How much was invested at 5%? 


A. $9000 B. $10,000 C. $11,000 D. $12,000 


Synthesis 


21. The graph of the function f(x) = mx + bcontains the points (—1, 3) and (—2, —4). Find m and b. 
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1-3 Cumulative Review 


Solve. 16. y > 3x—-4 17. 2x -y=6 
1. 6y — 5(3y — 4) = 10 2.-3 + 5x = 2x + 15 
2 1 
3. A = arch, forh 4.L = —m(k + p), for p pa aces 
: 12.3.4.8.. % eo 
ys ee ae th 2 year 5) Qo =12 = =o 4F il < 


7. 2x —10 = —4o0rx-423 


18. Solve graphically. Then classify the system as 


8. |x +1|=4 9. |8y — 3] = 15 consistent or inconsistent and the equations as 
dependent or independent. 
10. |2x + 1| = |x — 4| 2x- y=7, 
x+ 3y=0 
11. Find the distance between —18 and —7 on the number 
line. 
Se eSeT 
Graph on a plane. ee 
1 
12. 3y =9 13. f(x) = ae 3 
VA VA 
fee Ge 4 
5 3 : 19. 3x + 4y = 4, PAU, Shear iV = 
i sl. 2) “ = a 6x-y=7 
a ‘ ay+2 x—y 
vos 29 |e a i oes i Ss 
pee elle Safle etm oma | eeraneee gc? 21. 4x + 3y =5, 22, x-y+ z=1, 
S505 1234 ate ee ey ake ar 2p = & Dyed pak = By, 
ae a aires (me ane: a ar = ag eh 
sofeonion SD fon ae cote Al fonts 
ee eee ee 6 : Graph. Find the coordinates of any vertices formed. 
“oh —_ SLES 23.x+ y= -3, 24, 4y — 3x = -12, 
c= VS ll 4y + 3x = —36, 
14, 3x —l=y Ils) Sh5sr Sy = 1) 
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25. For the function f whose graph is shown below, deter- 


mine (a) the domain, (b) the range, (c) f(—3), and 
(d) any input for which f(x) = 5. 


VA 
eee 
Pe e 
BB pend 
Dk. 
~ol 
See ee oF 
co =2 fo! aoe 
e 3 


26. Find the domain of the function given by 


= a 
2x- 1 


f(x) 


27. Given g(x) = 1 — 2x”, find g(—1), g(0), and g(3). 


28. Find the slope and the y-intercept of 5y — 4x = 20. 


29 


30 


31 


. Find an equation of the line with slope —3 and 
containing the point (5, 2). 


. Find an equation of the line containing the points 
(Galrsrandi(G35)). 


. Determine whether the graphs of the given lines are 
parallel, perpendicular, or neither. 


x— 2y=4, 
4x + 2y=1 


32. Find an equation of the line parallel to 3x — 9y = 2 


and containing the point (—6, 2). 
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Solve. 


33. 


34. 


35. 


36. 


37. 


38. 


Wire Cutting. Rolly’s Electric wants to cut a piece of 
copper wire 10 m long into two pieces, one of them 
two-thirds as long as the other. How should the wire 
be cut? 


Test Scores. Adam is taking a geology course in which 
there will be 4 tests, each worth 100 points. He has 
scores of 87, 94, and 91 on the first three tests. He must 
have a total of at least 360 in order to get an A. What 
scores on the last test will give Adam an A? 


Inventory. The Everton College store paid $2268 for 
an order of 45 calculators. The store paid $9 for each 
scientific calculator. The others, all graphing calcu- 
lators, cost the store $78 each. How many of each type 
of calculator was ordered? 


Mixing Solutions. A technician wants to mix one 
solution that is 15% alcohol with another solution that 
is 25% alcohol in order to get 30 L of a solution that is 
18% alcohol. How much of each solution should be 
used? 


Train Travel. A train leaves a station and travels west 
at 80 km/h. Three hours later, a second train leaves on 
a parallel track and travels 120 km/h. How far from the 
station will the second train overtake the first train? 


Utility Cost. One month Ladi and Bo spent $680 for 
electricity, rent, and telephone. The electric bill was 
one-fourth of the rent and the rent was $400 more 
than the phone bill. How much was the electric bill? 


Synthesis 


39. 


40. 


Radio Advertising. An automotive dealer discovers 
that when $1000 is spent on radio advertising, weekly 
sales increase by $101,000. When $1250 is spent on 
radio advertising, weekly sales increase by $126,000. 
Assuming that sales increase according to a linear 
function, by what amount would sales increase when 
$1500 is spent on radio advertising? 


Given that f(x) = mx + band that f(5) = —3 when 
f(-4) = 2, find m and b. 
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CHAPTER 


Polynomials and 
Polynomial Functions 


4.1 Introduction to Polynomials 
and Polynomial Functions 


4.2 Multiplication of Polynomials 
4.3 Introduction to Factoring 


4.4 Factoring Trinomials: rs) 
x2 + DX + at 
- | “ 
MID-CHAPTER REVIEW ae 
4.5 Factoring Trinomials: % . 
axe + bx+c,a#1 Fa 
4.6 Special Factoring r ah 


VISUALIZING FOR SUCCESS 1 + 
4.7 Factoring: A General Strategy Ad 


4.8 Applications of Polynomial 
Equations and Functions 


TRANSLATING FOR SUCCESS 
SUMMARY AND REVIEW 
TEST 

CUMULATIVE REVIEW 


Real-World Application 


In filming a movie, a stunt double on a motorcycle must jump over a group of trucks 
that are lined up side by side. The height h(t), in feet, of the airborne bike t seconds 
after leaving the ramp can be approximated by h(t) = —16¢? + 60t. After how long 
will the bike reach the ground? 


This problem appears as Margin Exercise 9 in Section 4.8. 


323 


SKILL TO REVIEW 
Objective R.2b: Find the opposite, 
or additive inverse, of a number. 


Find the opposite. 
ad 
“9 


1 


Answers 


Skill to Review: 


4 
== 25 
9 


A polynomial is a particular type of algebraic expression. Let’s examine an 
application before we consider definitions and manipulations involving 
polynomials. 


Stack of Apples. The stack of apples shown below is formed by square layers 
of apples. The number N of apples in the stack is given by the polynomial 
function 


N(x) = 3x5 + $x? + Ex, 


where x is the number of layers. The graph of the function is shown below. 


Number of apples 


Number of layers 


For a stack with 6 layers, there is a total of 91 apples, as we can see from 
the graph and from substituting 6 for x in the polynomial function: 


N(x) = 3x3 + 9x? + gx 
N(6) =3-69 +4->62 44-6 = 72+ 18+ 1= 91. 


Although we will not be considering graphs of polynomial functions in 
detail in this chapter (other than in Calculator Corners), this situation gives 
us an idea of how polynomial functions can occur in applied problems. 


(a) Polynomial Expressions 


The following are examples of monomials: 


(. =a @ Oh =, dae. Tapia’. 


A monomial is a one-term expression like ax"y'z4, where a is a real 


number and n, m, and q are nonnegative integers. More specifically, 
a monomial is a constant or a constant times some variable or 
variables raised to powers that are nonnegative integers. 
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Expressions like these are called polynomials in one variable: 


5x*, 8a, 2, 2x +3, 
—7x+5, 2y2 + 5y—3, 
5a4-3a2+4a-—8, b° +3b5 — 8b + 7b4 + 3. 


Expressions like these are called polynomials in several variables: 
15x3y2, 
5a — ab* + 7b + 2, 
9xy2z — 4x3z — 14x4y2 + 9, 


POLYNOMIAL 


A polynomial is a monomial or a combination of sums and/or 
differences of monomials. 


The following are algebraic expressions that are not polynomials: 


2_3 2 
. , (2) 8x4 — 2x3 + 2 (3) ald 
y2 +4 x 


x3 — ra 


(1) 


Expressions (1) and (3) are not polynomials because they represent quotients. 
Expression (2) is not a polynomial because 


this is not a monomial because the exponent is negative. 
The polynomial 5x3y — 7xy? — y3 + 2 has four terms: 


5x3y, —7xy?, 
The coefficients of the terms are 5, —7,—1, and 2. The term 2 is called a 
constant term. 
The degree of a term is the sum of the exponents of the variables, if there 
are variables. For example, 


-y3, and 2. 


the degree of the term 9x°is5 and 
the degree of the term 0.6a7D’ is 9. 


The degree of a nonzero constant term, such as 2, is 0. We can express 2 as 2x9, 
Mathematicians agree that the polynomial 0 has no degree. This is because we 
can express 0 as 


0 = 0x° = Ox!2, 


and so on, using any exponent we wish. 
The degree of a polynomial is the same as the degree of its term of high- 
est degree. For example, 


the degree of the polynomial 4 — x3 + 5x? — x®is 6. 


The leading term of a polynomial is the term of highest degree. Its coef- 
ficient is called the leading coefficient. For example, 


the leading term of 9x7 — 5x3 + x — 10is—5x3 and 
the leading coefficient is —5. 


LEARNING RESOURCES 
ON CAMPUS 


Your college or university prob- 
ably has resources to support your 
learning. 


1. 


There may be a learning lab or 
a tutoring center for drop-in 
tutoring. 


. There may be group tutoring 


sessions for this specific course. 


. The math department may 


have a bulletin board or a net- 
work for locating private tutors. 


. Visit your instructor during 


office hours if you need 
additional help. Also, many 
instructors welcome e-mails 
from students with questions. 
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1. Identify the terms and the 
leading term: 


92x° — 8x4 + x245. 


2. Identify the coefficient of each 


term and the leading coefficient: 


5x3y — Axy2 — 2x3 + xy-—y-—5. 


3. Identify the terms, the degree of 
each term, and the degree of the 
polynomial. Then identify the 
leading term, the leading coeffi- 
cient, and the constant term. 

a) 6x* — 5x3 + 2x —7 
b) 2y — 4 — 5x + 9x2y3z2 + 
5xy? 


4. Consider the following 
polynomials. 


a) 3x2 — 2 

b) 5x3 + 9x — 3 
c) 4x2 

d) —7y 

e) —3 

}) Gre = Dae’ 
Se es = ey 
In) 5 = she 


Identify the monomials, the 
binomials, and the trinomials. 


Answers 

1. —92x°, —8x4, x2, 5; -92x5 

2. 5,-4,-2,1,-1,-5;5 3. (a) 6x2, —5x3, 
2x, -7; 2, 3,1,0;3; —5x3; —5; -7; 

(b) 2y, —4, —5x, 9x2y3z*, 5xy?; 1,0, 1,7, 337; 
9x2y3z2;9;-4 4, Monomials: (c), (d), (e); 
binomials: (a), (f), (h); trinomials: (b), (g) 


EXAMPLE 1 Identify the terms, the degree of each term, and the degree of 
the polynomial. Then identify the leading term, the leading coefficient, and 
the constant term. 


2x3 + 8x2 — 17x -— 3 


a 
8x2 | -17x | -3 
2 1 0 
3 
Dye 
2 
ow 


EXAMPLE 2 Identify the terms, the degree of each term, and the degree of 
the polynomial. Then identify the leading term, the leading coefficient, and 
the constant term. 


6x? + 8x2y3 — 17xy — 24xy2z4 + 2y + 3 


8x2y3_ | —17xy | —24xy2z4 | 2y | 3 ] 
5 2 a 1 0 
i 
—24xy2z4 
—24 
3 
p 


Do Exercises 1-3. 


The following are some names for certain types of polynomials. 


DEFINITION: 
POLYNOMIAL OF 
-7a*b?, 0, xyz 


Monomial One term 4, sya) 


Binomial Two terms 2x+7, a*-—3b, 5x34 8x 


4a + 2ab + b? 


52 = We e 1D, 


Trinomial Three terms 


Do Exercise 4. | 


We generally arrange polynomials in one variable so that the exponents 
decrease from left to right, which is descending order. Sometimes they may be 
written so that the exponents increase from left to right, which is ascending 
order. In general, if an exercise is written in a particular order, we write the 
answer in that same order. 
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' EXAMPLE 3 Consider 12 + x* — 7x. Arrange in descending order and 
then in ascending order. 


Descending order: x* — 7x +12  Ascendingorder: 12 — 7x + x? 


EXAMPLE 4 Consider x* + 2 — 5x” + 3x3y + 7xy2. Arrange in descend- 
ing powers of x and then in ascending powers of x. 


Descending powers ofx: x* + 3x3y — 5x2 + 7xy* + 2 
Ascending powers ofx: 2 + 7xy* — 5x* + 3x%y + x4 i 


| Do Exercises 5 and 6. 


(b) Evaluating Polynomial Functions 


A polynomial function is one like 
P(x) = 5x? + 3x5 — 4x? — 5, 


where the algebraic expression used to describe the function is a polynomial. 
To find the outputs of a polynomial function for a given input, we substitute 
the input for each occurrence of the variable as we did in Section 2.2. 


EXAMPLE 5 For the polynomial function P(x) = —x? + 4x — 1, find 
P(2), P(10), and P(—10). 

P(2) = -22 + 4(2) -1=-44+8-1=3; 

P(10) = —102 + 4(10) — 1 = —-100 + 40 — 1 = -61; 

P(-10) = —(—10)* + 4(-10) — 1 = -100 - 40 - 1 = -141 


| Do Exercise 7. 


EXAMPLE 6 _ Veterinary Medicine. Gentamicin is an antibiotic frequently 
used by veterinarians. The concentration C, in micrograms per milliliter 
(mcg/mL), of Gentamicin in a horse’s bloodstream ¢ hours after injection can 
be approximated by the polynomial function 


C(t) = —0.005t4 + 0.003t3 + 0.3542 + 0.5¢. 


a) Evaluate C(2) to find the concentration 2 hr after injection. 
b) Use only the graph below to estimate C(4). 


(OOEN 


C() = —0.005¢* + 0.0032 + 0.352 + 0.5t 


eR 
or 


rPrewer TDN wD Oo 


> 
123 45 67 8 9 101112 ¢ 


Concentration (in micrograms per milliliter) 


Time (in hours) 


5. a) Arrange in ascending order: 
5 — 6x2 + 7x3 — x44 10x. 
b) Arrange in descending order: 
5 — 6x2 + 7x3 — x4 + 10x. 


6. a) Arrange in ascending powers 
of y: 


5x4y — 3y2 + 3x2y3 + x3 — 5. 


b) Arrange in descending 
powers of y: 


5x4y — 3y2 + 3x2y3 + x3 — 5, 


7. For the polynomial function 
P(x) = x? — 2x + 5, 
find P(0), P(4), and P(—2). 


Answers 


5. (a)5 + 10x — 6x2 + 7x3 — x4; 

(b) —x4 + 7x3 — 6x2 + 10x +5 

6. (a) —5 + x3 + 5x4y — 3y2 + 3x2y3; 
(b) 3x2y3 — 3y? + 5x4y + x3 -—5 

7. 5;13;13 
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8. Veterinary Medicine. Refer to 
the function and the graph of 
Example 6. 

a) Evaluate C(3) to find the 
concentration 3 hr after 
injection. 

b) Use only the graph at right to 
estimate C(9). 


Collect like terms. 
9. 3y — 4x + 6xy2 — 2xy? 


10. 3xy? + 2x3y + 5xy3 — 8x 4 
15 — 3x2y — 6x2y + llx — 8 


Answers 

8. (a) C(3) = 4.326 mcg/mL; 

(b) C(9) = 2mcg/mL 9. 3y — 4x + 4xy? 
10. 8xy3 + 2x3y + 3x + 7 — 9x2y 


a) We evaluate the function when t = 2: 
C(2) = —0.005(2)4 + 0.003(2)3 + 0.35(2)? + 0.5(2) | Wecarryout 
the calculation 
—0.005(16) + 0.003(8) + 0.35(4) + 0.5(2 
ure) 8) (2) using the rules 
—0.08 + 0.024 + 14+ 1 = 2.344. fap creak 


operations. 


The concentration after 2 hr is about 2.344 mcg/mL. 


b) To estimate C(4), the concentration after 4 hr, we locate 4 on the horizon- 
tal axis. From there we move vertically to the graph of the function and 
then horizontally to the C(t)-axis. This locates a value of about 6.5. Thus, 


C(4) © 6.5. 
The concentration after 4 hr is about 6.5 mcg/mL. 


(OHEN 
12 


= 
= 


C( = —0.005¢ + 0.0034 + 0.352 + 0.5t¢ 


= 
o 


ia 
un 


Hw wR TAIN wo 


L > 
L234 5 6 7 8.9 10 11 12° ¢ 


Concentration (in micrograms per milliliter) 


Time (in hours) ) 


Do Exercise 8. | 
(c) Adding Polynomials 


When two terms have the same variable(s) raised to the same power(s), they 
are called like terms, or similar terms, and they can be “collected,” or “com- 
bined,” using the distributive laws, adding or subtracting the coefficients as 
follows. 


! EXAMPLES Collect like terms. 


7. 3x2 — 4y + 2x* = 3x* + 2x2 — Ay Rearranging using the commutative 
law for addition 


= (3+ 2)x*-—4y Using the distributive law 
= 5x2 — ay 


8. 9x3 + 5x — 4x2 — 2x3 + 5x2 = 7x3 4+ x2 + 5x 


9. 3x2y + Sxy? — 3x2y — xy* = 4xy2 ) 


Do Exercises 9 and 10. 


The sum of two polynomials can be found by writing a plus sign between 
them and then collecting like terms to simplify the expression. 


) EXAMPLE 10 Add: (—3x3 + 2x — 4) + (4x3 + 3x? + 2). 


(—3x3 + 2x — 4) + (4x3 + 3x2 + 2) = x3 + 3x? 4+ 2x-2 ) 
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) EXAMPLE 11 Add: 13x3y + 3x2y — Syand xy + 4x*y — 3xy. 


(13x3y + 3x2y — 5y) + (x3y + 4x2y — 3xy) = 14x3y + 7x2y — 3xy — 5y 11. (3x3 + 4x2 — 7x — 2) 4 


Do Exercises 11-13. 12. (7y> — 5) + (3y° — 4y? + 10) 


Using columns to add is sometimes helpful. To do so, we write the poly- 13. (5p2q* — 2p2q? — 3q) + 
nomials one under the other, listing like terms under one another and (—6p2q? + 3q + 5) 
leaving spaces for missing terms. 


. EXAMPLE 12. Add: 4ax? + 4bx — 5 and —6ax2 + 8. 


4ax? + 4bx — 5 
—6ax? +8 


—2ax* + 4bx + 3 i 


(d) Subtracting Polynomials 


If the sum of two polynomials is 0, they are called opposites, or additive 
inverses, of each other. For example, 


(3x2 — 5x + 2) + (—3x* + 5x — 2) =0, 


so the opposite of 3x2 — 5x + 2 is —3x* + 5x — 2.Wecan say the same thing 
using algebraic symbolism, as follows: 


The oppositeof (3x? -— 5x +2) is (—3x? + 5x — 2). 


rf 


= (3x2 —5x +2) = 3x2 + 5x — 2 


Thus, —(3x* — 5x + 2) and —3x? + 5x — 2 are equivalent. 
The opposite of a polynomial P can be symbolized by —P or by replac- 
ing each term with its opposite. The two expressions for the opposite are 


equivalent. 
Write two equivalent expressions for 
’ EXAMPLE 13. Write two equivalent expressions for the opposite of the opposite, or additive inverse. 
7xy? — 6xy — 4y + 3. 14, 4x3 — 5x? + ax — 10 
First expression: (7xy* — 6xy — 4y + 3) Writing an inverse sign in 
front l 
bs #5 ae ,; 15. 8xy? — 4x5y? — 9x 
Second expression: 7xy~ + 6xy + 4y— 3 Writing the opposite of each 5 
term (see also Section R.6) 


|Do Exercises 14-16. y= il 


To subtract a polynomial, we add its opposite. 


) EXAMPLE 14 Subtract: (—5x* + 4) — (2x? + 3x - 1). 


We have 
(—5x + 4) = (2x2 a eco Pecos 1) Answers 
= (-5x2 +4 2x2 + 3x-—1 Adding th ; LL. —4x3 + 2x2 — ax +2 
( 9 ) [~( 2 ) ee © ee , 12. 10y5 — 4y2 +5 13. 5p2q* — 8p2q2 +5 

= (—5x 4) + (-2x 3x + 1) —2x* — 3x + 1is equivalent to 14. —(4x3 — 5x2 +1 — 10); 

oe 1S (an? oe} 

. ‘ 5)? 

= —7x?2 — 3x +5, Adding Sa? + any? + gee) 


5 
16. —(-9y° — 8y4 + 5y3 —y? +y—-1); 
gy® + 8yt —ay8 + y®— yt] 
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With practice, you may find that you can skip some steps, by mentally 
taking the opposite of each term and then combining like terms. Eventually, 
all you will write is the answer. 


Subtract. (—5x* + 4) — (2x2 + 8x —- 1) Think: 
W7(Ga= Aye (3° = 1} = -7x? — 3x +5 5x? — 2x2 = —5x2 + (—2x2) = —7x?, 
18. (Oy) — 2y = 4) — (5? = 8) Ox — 3x = 0x + (—3x) = —3x, 
4—-(-1)=4+1=5. J 
19. (—3p2 + 5p — 4) 
(—4p? + 1lp — 2) Do Exercises 17-19. 
To use columns for subtraction, we mentally change the signs of the 
terms being subtracted. 
| EXAMPLE 15 Subtract: 
Cunaer (4x2y — 6x3y2 + x2y?) — (4x2y + x3y? + 3x2y3 — 8x2y?). 
20. (2y° — y4 + 3y3 — y? - y—- 7) Write: (Subtract) Think: (Add) 
ees Aye ys = 4) Ax*y — 6x3y2 + x%y2 Ag? y = Grey? Pay 
Ag ey  sSy2 4-8 y218 — Arey? Ax2 3,2 Sy2y3 4 ax2y2 
21. (4p4q — 5p3q? + p*q? + 2q*) ee SS 
(—5p4q + 5p3q2 — 3p2q3 — 7q4) 7Xx°y 3x“y 9x“y 
BP oles 
22 oy a! TORS Take the opposite of each term mentally and add. b 
oer eile ae ) 
ir O4 
(3y 27 a. Q Do Exercises 20-22. | 


Calculator Corner 


Checking Addition and Subtraction of Polynomials A table set in Auto mode can 
be used to perform a partial check that polynomials in a single variable have been added or subtracted correctly. To 
check Example 10, we enter y, = (—3x2 + 2x — 4) + (4x3 + 3x2 + 2) andyp = x9 + 3x2 + 2x — 2. 
If the addition has been done correctly, the values of y; and y2 will be the same regardless of the table settings used. 


Graphs can also be used to check addition and subtraction. See the Calculator Corner on p. 339 for the procedure. Keep in mind that 


these procedures provide only a partial check since we can neither view all possible values of x in a table nor see the entire graph. 


Exercises: Use a table to determine whether the sum or difference is correct. 
1. (x3 — 2x2 + 3x — 7) + (8x2 — 4x +5) = x3 4+x%-x-2 
2. (24? + 3x = 6) G8" = Tat 4) = Tx? Fae 2 
3. (4x3 + 3x2 + 2) + (-3x3 + 2x — 4) = x3 + 3x2 + 2x- 2 
4, (7x° + 2x4 — 5x) — (—x5 — 2x4 + 3) = 8x° + 4x4 - 5x - 3 
Bx (on? Ge = de 6) axe oe = 8) = ee = oS 
6. (3x4 — 2x2 — 1) — (2x4 — 3x2 — 4) = x44 x2-5 

X 

Answers 

17. 3x2 +5 18. 14y3 — 2y+4 

19. p* — 6p — 2 

20. 3y° — 3y4 + 5y3 — 2y2 — 3 

21. 9p'q — 10p3q* + 4p?q> + 9q4 

22. y3—y2 +4y+0.1 
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For Extra Help q 
MyMathLab |) ne. 


Exercise Set 


PRACTICE WATCH DOWNLOAD READ REVIEW 


Identify the terms, the degree of each term, and the degree of the polynomial. Then identify the leading term, the 
leading coefficient, and the constant term. 


1. —9x4 — x3 + 7x? + 6x - 8 2. y3 -— Sy? +y41 3.13 + 4t7 + s*t4- 2 


4, a* + 9b° — a*b3 - 11 5. u’ + Bu2v® + 3uv + 4u- 1 6. 2p° + 5ptw* — 13p3w + 7p? — 10 


Arrange in descending powers of y. 
7. 23 — 4y3 + 7y — by? 8.5 — 8y + 6y* + lly? — 18y4 9. x*y? + xy — xyF +1 


10. x°y — x*y? + xy3 +6 11. 2by — 9b°y® — 8b2y3 12. dy® — 2d’y? + 3cy® — 7y — 2d 


Arrange in ascending powers of x. 
13. 12x + 5 + 8x5 — 4x3 14, —3x2 + 8x + 2 15. —9x3y + 3xy3 + x2y2 + 2x4 


16. 5x2y* — Oxy + Bx3y? — 5x4 17. 4ax — 7ab + 4x® — 7ax? 18. 5xy® — 3ax° + 4ax? — 12a + 5x° 


(b) Evaluate each polynomial function for the given values of the variable. 


19. P(x) = 3x2 — 2x +5; P(4), P(—2), P(0) 20. f(x) 7x3 + 10x? — 13; f(4), f(-1), f(0) 

21. p(x) = 9x3 + 8x? — 4x — 9; p(—3), p(0), p(1), p(3) 22. Q(x) = 6x3 — 11x — 4; Q(-2), Q(}), Q(0), Q(10) 

23. Falling Distance. The distance s(t), in feet, traveled 24. Golf Ball Stacks. Each stack of golf balls pictured below 
by an object falling freely from rest in t seconds is is formed by square layers of golf balls. The number N of 
approximated by the function given by balls in the stack is given by the polynomial function 

s(t) = 16t?. N(x) = 4x3 + 5x2 + bx, 
a) A paintbrush falls from a scaffold and takes 3 sec to where x is the number of layers. How many golf balls are 
hit the ground. How high is the scaffold? in each of the stacks? 


b) Astone is dropped from a cliff and takes 8 sec to hit 
the ground. How high is the cliff? 


{ s(t) = 16? 
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25. Medicine. Ibuprofen is a medication used to relieve 


pain. The polynomial function 
M(t) = 0.5t4 + 3.45¢3 — 96.65t2 + 347.71, 
0=<=t<6, 
can be used to estimate the number of milligrams of 
ibuprofen in the bloodstream t hours after 400 mg of 
the medication has been swallowed. 
Source: Based on data from Dr. P. Carey, Burlington, VT 


Mi) A 
400 
360 
320 
280 
240 
200 
160 
120 

80 
40 


M(6 = 0.5t* + 3.45t3 — 96.657 + 347.71, 
i 0<t<6 


Milligrams in bloodstream 


Time (in hours) 


a) Use the graph above to estimate the number of 
milligrams of ibuprofen in the bloodstream 2 hr after 
400 mg has been swallowed. 

b) Use the graph above to estimate the number of 
milligrams of ibuprofen in the bloodstream 4 hr after 
400 mg has been swallowed. 

c) Approximate M(5). 

d) Approximate M(3). 


27. Total Revenue. A firm is marketing a new style of sun- 


glasses. The firm determines that when it sells x pairs of 
sunglasses, its total revenue is 
R(x) = 240x — 0.5x? dollars. 
a) What is the total revenue from the sale of 50 pairs of 
sunglasses? 
b) What is the total revenue from the sale of 95 pairs of 
sunglasses? 


= / 


26. Median Income by Age. The polynomial function 


I(x) = —0.0560x4 + 7.9980x3 — 436.1840x2 
+ 11,627.8376x — 90,625.0001, 
13 = x = 65, 


can be used to approximate the median income I by 
age x ofa person living in the United States. The graph 
is shown below. 


I(x) 
$50,000 
40,000 
30,000 


20,000 


Median income 


10,000 


#V 


20 40 60 80 
Age 


SOURCE: U.S. Census Bureau; 
The Conference Board: Simmons Bureau of Labor Statistics 


a) Evaluate J(22) to estimate the median income of a 
22-year-old. 
b) Use only the graph to estimate /(40). 


28. Total Cost. A firm determines that the total cost, in 
dollars, of producing x pairs of sunglasses is given by 
C(x) = 5000 + 0.4x2. 
a) What is the total cost of producing 50 pairs of 
sunglasses? 
b) What is the total cost of producing 95 pairs of 
sunglasses? 


Total Profit. Total profit P is defined as total revenue R minus total cost C, and is given by the function 
P(x) = R(x) — C(x). 
For each of the following, find the total profit P(x). 


29. R(x) = 280x — 0.4x2, C(x) = 7000 + 0.6x? 30. R(x) = 280x — 0.7x2, C(x) = 8000 + 0.5x2 
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Magic Number. 


In a recent season, the Arizona Diamondbacks were leading the San Francisco Giants for the Western Division 


championship of the National League. In the table below, the number in parentheses, 18, was the magic number. It means that 


any combination of Diamondbacks wins and Giants losses that totals 18 would ensure the championship for the 
Diamondbacks. The magic number M is given by the polynomial 


M=G-W,-In +1, 


where W, is the number of wins for the first-place team, Lz is the number of losses for the second-place team, and G is the total 


number of games in the season, which is 162 in the major leagues. When the magic number reaches 1, a tie for the 
championship is clinched. When the magic number reaches 0, the championship is clinched. For the situation shown below, 


G = 162, W, = 81, and Ly = 64. Then the magic number is 


M= G Wy Lo t ] 
= 162 — 81- 64+ 1 
= 18. 


31. Compute the magic number for Atlanta. 


CE 


Atlanta (?) 

Philadelphia | 75 | 68 | .524 33 
New York Al a3 493 8 
Florida 66 fe 462 12} 
Montreal 61 82 427 173 


33. Compute the magic number for New York. 


eae Se 


New York (2) — 
Boston 72 69 O11 13} 
Toronto 70 73 .490 16 
Baltimore Be Wie sin sus 
Tampa Bay 50 93 350 36 
pf _____| _____{|_______||________4, 


(c) Collect like terms. 


35. 6x2 — 7x2 + 3x2 


38. a — 8b — 5a + 7b 


-566 
556 
545 
490 
437 


Arizona (18) 
San Francisco 80 


Los Angeles 78 
San Diego 70 
Colorado 62 


32. Compute the magic number for Houston. 


a 


Houston (?) 
St. Louis 78 | 64 | .549 55 
Chicago 78 65 545 6 
Milwaukee 63 80 A41 21 
Cincinnati 58 | 86 | .403 | 263 
Pittsburgh 55 88 385 29 

= ey 


34, Compute the magic number for Cleveland. 


SD 


Cleveland (2) 569 
Minnesota 76 68 528 6 
Chicago 74 70 514 8 
Detroit 57 | 86 | .399 | 245 
Kansas City 57 86 399 243 

L ) 


37. 7x — 2y — 4x + by 


41. 3a2b + 4b2 — 9a*b — 6b? 


4. 
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40. 13x + 14-6- 7x + 3x4+5 


42, 5x*y* + 4x3 — 8x2y? — 12x3 
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43, 8x2 — 3xy + 12y2 + x2 — y* + Sxy + 4y? 44. a2 — 2ab + b? + 9a2 + Sab — 4b2 + a? 


45. 4x*y — 3y + 2xy? — 5x2y + 7y + 7xy? 46. 3xy?2 + 4xy — 7xy? + 7xy + xy 

Add. 

47. (3x2 + Sy” + 6) + (2x? — 3y? — 1) 48. (lly? + 6y — 3) + (9y? — 2y + 9) 

49. (2a — c + 3b) + (4a — 2b + 2c) 50. (8x + z — 7y) + (5x + 10y — 4z) 

B51. (a2 — 3b” + 4c?) + (—5a2 + 2b? — c?) 52. (x2 — 5y? — 922) + (-6x2 + 9y* — 22?) 

53. (x* + 3x — 2xy — 3) + (—4x2 — x + 3xy + 2) 54. (5a* — 3b + ab + 6) + (-a* + 8b — 8ab — 4) 
55. (7x2y — 3xy2 + 4xy) + (—2x2y — xy? + xy) 56. (7ab — 3ac + 5bc) + (13ab — 15ac — 8bc) 
57. (2r2 + 12r — 11) + (6r? — 2r + 4) + (r? — r- 2) 58. (5x2 + 19x — 23) + (—7x* — 1lx + 12) 4 


59. (Exy + oxy? + 5.1xy) ( txy + 3xy? 3.4xy) 60. (axy 2x3y2 4 4.3y3) ( Rxy — 3x3? 2.9y3) 


61. 5x3 — 7x2 + 3x - 6 62. —8y* — 18y? + 4y — 9 

63. —13y? + 6ay* — 5by? 64. 9ax°y? — 8by° — abx — l6ay 

Subtract. 

65. (7x — 2) — (-4x + 5) 66. (8y + 1) — (—5y — 2) 

67. (—3x? + 2x + 9) — (x* + 5x — 4) 68. (—9y? + 4y + 8) — (4y2 + 2y — 3) 

69. (5a + c — 2b) — (3a + 2b — 2c) 70. (z + 8x — 4y) — (4x + 6y — 3z) 

71. (3x2 — 2x — x3) — (5x2 — x3 — 8x) 72. (8y* — 4y> — 3y) — (3y? — 9y — 7y3) 

73. (5a* + 4ab — 3b*) — (9a* — 4ab + 2b?) 74, (9y* — l4yz — 8z*) — (12y” — 8yz + 4z?) 

75. (6ab — 4a*b + 6ab?) — (3ab” — 10ab — 12a”b) 76. (10xy — 4x*y? — 3y3) — (-9x2y? + 4y3 — 7xy) 


77. (0.09y4 — 0.052y3 + 0.93) — (0.03y4 — 0.084y? + 0.94y7) 
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78. (1.23x4 — 3.122x3 + 1.11x) — (0.79x4 — 8.734x3 + 0.04x? + 6.71x) 


80. (2y4 — Sy? — 7.8y + 3) 


Skill Maintenance 


Graph. [2.1c, d], [2.2c] 


81. f(x) =§x-1 82. g(x) = |x| - 1 
Multiply. [R.5d] 


85. 3(y — 2) 86. —10(x + 2y — 7) 


Graph using the slope and the y-intercept. [2.5b] 
89. y= fxt+2 90. y= -0.4x + 1 


Synthesis 


93. Triangular Layers. The number of spheres ina 
triangular pyramid with x triangular layers is given by 
the function 

N(x) = gx3 + 5x? + 4x. 
The volume of a sphere of radius ris given by the 
function 

V(r) = $arr3, 
where 7 can be approximated as 3.14. 

Chocolate Heaven has a window display of truffles 
piled in triangular pyramid formations, each 5 layers deep. 
If the diameter of each truffle is 3 cm, find the volume of 
chocolate in each triangular pyramid in the display. 


3S 


97. l@sA Use the TABLE and GRAPH features of a graphing 
calculator to check your answers to Exercises 57, 65, 
and 67. 


4 


83. g(x) = x= 38 


84. f(x) = 1 — x? 
87. —14(3p — 2q — 10) 88. 5(12w — 9t + 30) 


91. y = 0.4x - 3 92. y= —-3x-4 


94. Surface Area. Find a polynomial function that gives 
the outside surface area of a box like this one, with 
dimensions as shown. 


Perform the indicated operations. Assume that the 
exponents are natural numbers. 
05. (47x + 39°" = 2242" + et 4 1) 4 

(37x34 + 8x24 + 3) 


96. (3x84 — 5x54 + 4x34 + 8) 
(20 ag te Byles ON Pe) 


98. lass A student who is trying to graph 
f(x) = 0.05x4 — x? + 5 gets the following screen. 
How can the student tell at a glance that a mistake 
has been made? 
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(a) Multiplication of Any Two Polynomials 
Multiplying Monomials 


Monomials are expressions like 10x*, 8x°, and —7a*b°. To multiply monomials, 
we first multiply their coefficients. Then we multiply the variables using the 
commutative and associative laws and the rules for exponents that we studied 
in Chapter R. 


! EXAMPLES Multiply and simplify. 
1. (10x?) (8x>) = (10 - 8) (x2 - x5) 
=s0' Adding exponents 
= 80x! 
2. (—8x4y") (Sx9y*) = (—8 + 5) (x4 + x3) (y"- y*) 
—40x4t3y7+2 Adding exponents 
—40x7y9 ) 


Do Margin Exercises 1-3. J 


SKILL TO REVIEW 
Objective R.5d: Use the distributive 
laws to find equivalent expressions 
by multiplying. 


Multiplying Monomials and Binomials 


The distributive law is the basis for multiplying polynomials other than 
monomials. We first multiply a monomial and a binomial. 


Multiply. 


1. 3(x- y) {| EXAMPLE 3 Multiply: 2x(3x — 5). 


1 i ie 
ee gee = 108) 2x - (3x — 5) = 2x-3x—2x-5 — Using the distributive law 
= 6x* — 10x Multiplying monomials ) 


) EXAMPLE 4 Multiply: 3a*b(a? — b?). 


Multiply. 
1. (9y?) (—2y) 


Pe ee 
3a*b - (a2 — b*) = 3a*b- a? — 3a*b- b* _ Using the distributive law 
2 (ag y) (Gx V7 | = 3944 = 3a2h3 ) 


= Files yA 
3. (—Sxy/z*) (18x°y*z") Do Exercises 4 and 5. J 


Multiply. Multiplying Binomials 

4. (—3y) (2y + 6) Next, we multiply two binomials. To do so, we use the distributive law twice, 
first considering one of the binomials as a single expression and multiplying 

5. (2xy)(4y- — 5) it by each term of the other binomial. 

Answers 

Skill to Review: 

1. 3x—-3y 2. -3a+ 5b 

Margin Exercises: 


1. -18y? 2. 24x8y3 3. —90x4y9z!2 
4. —6y? — 18y 5. 8xy3 — loxy 
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) EXAMPLE 5 Multiply: (3y? + 4) (vy? — 2). 


on 
(3y2 +4) (y? —2)= (3y2 +4) -y? = (3y? +A)+2 Using the 
distributive 
law 
= [3y*- y* + 4-y*] —[3y2-2+4-2] Using the 
distributive 
law 
= 3y2- y2+4-y2 - 3y2-2-4-2 Removing 
parentheses 
2 


= 3y4 + 4y 6y? — 8 Multiplying the monomials Multiply. 


= 3y* _ 2y? — 8 Collecting like terms ) 6. (5x2 — 4) (x + 3) 
| Do Exercises 6 and 7. Uo (27 ae 3) (Sy = 23) 


Multiplying Any Two Polynomials 
To find a quick way to multiply any two polynomials, let’s consider another 
example. 


) EXAMPLE 6 Multiply: (p + 2) (p* — 2p? + 3). 
By the distributive law, we have 


(Giles) (p* — 2p* + 3) 
= (ie) (p*) — (Ge) (2°) + (Gay) (3) 
= p(p*) + 2(p*) — p(2p3) — 2(2p3) + p(3) + 2(3) 


p° + 2p’ — 2p* — 4p3 + 3p + 6 Multiply. 
p? — 4p? + 3p +6. Collecting like terms ) Ch ja) — SiGe eae — 5) 
Do Exercises 8 and 9. 9. (2x3 + 4x — 5) (x — 4) 
From the preceding examples, we can see how to multiply any two 
polynomials. 


PRODUCT OF TWO POLYNOMIALS 


To multiply two polynomials P and Q, select one of the polynomials, 
say P. Then multiply each term of P by every term of Q and collect 
like terms. 


We can use columns when doing long multiplications. We multiply each 
term at the top by every term at the bottom, keeping like terms in columns 
and adding spaces for missing terms. Then we add. 


) EXAMPLE 7 Multiply: (5x3 + 3x2 + x — 4) (—2x* + 3x + 6). 
5x3 + 3x? x- 4 

oe Be G 

30x3 + 18x2 + 6x — 24 Multiplying by 6 


15x4 + 9x3+ 3x2 - 12x Multiplying by 3x Answers 
10x5 — 6x4— 2x3 + 8x2 Multiplying by —2x2 . oat + ae 4x — 12 
- Gy? +y- 
10x5 + 9x4 + 37x3 + 29x2 — 6x — 24 ) 8. p! + p? — 12p2 — 5p + 15 


9. 2x4 — 8x3 + 4x2 — 21x + 20 
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) EXAMPLE 8 Multiply: (5x3 + x — 4)(—2x? + 3x + 6). 


Multiply. Use columns. 5x3 + x- 4 
Tn (te ae ee = Ban de 1) 8 —2x2+ 3x+ 6 
=Iye2 = a, 
(—2x a 20) 30x3 + 6x — 24 Multiplying by 6 
15x4 + 3x2 — 12x Multiplying by 3x 
(Se = Bee 1 
Meee) ~10x5 — 2x3 + 8x2 Multiplying by —2x2 


(—2x2 — 3x + 6) 


| 
RD 
a 

| 
ho 
> 
= 


—10x° + 15x4 + 28x3 + 11x? 
12. (a2 — 2ab + b?) x 


(a3 + 3ab — b?) Do Exercises 10-12. 


(b) Product of Two Binomials Using 
the FOIL Method 


We now consider some special products. There are rules for faster multipli- 
cation in certain situations. 


A visualization of Let’s find a faster special-product rule for the product of two binomials. 
ii ated Consider (x + 7) (x + 4). We multiply each term of (x + 7) by each term of 
(x + 4): 


(x+7)(x+4)=x-x4+x°447°K47°4. 


This multiplication illustrates a pattern that occurs whenever two binomials 


+7% 
* are multiplied: 
First Outside Inside Last 
terms terms terms terms 
x14 (x+7)(x+4)=x-x + 4x + 7x + 7(4) =x? 4+ llx + 28. 


This special method of multiplying is called the FOIL method. Keep in mind 
that this method is based on the distributive law. 


THE FOIL METHOD 


To multiply two binomials, A + Band C + D, multiply the First terms 
AC, the Outside terms AD, the Inside terms BC, and then the Last terms 
BD. Then collect like terms, if possible. 


(A + B)(C + D) = AC + AD + BC + BD ls 
1. Multiply First terms: AC. F | 
; : vVoev Vv 
2. Multiply Outside terms: AD. (A + B)(C + D) 
3. Multiply Inside terms: BC. - fh KN 
4. Multiply Last terms: BD. I 
O 


FOIL 


Answers 


10. 8x5 + 2x4 — 35x3 + 34x? — 15x +6 
11. 8x5 + 12x4 — 20x39 + 4x2 — 15x + 6 
12. a° — 2a*b + 3a3b + a3b? — 7a2b? + 5ab3 — b4 
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' EXAMPLES Multiply. 


B O I L 


9. (x + 5)(x — 8) = x” — 8x + 5x — 40 


= x2 — 3x — 40 Collecting like terms 


We write the result in descending order since the original binomials are 
in descending order. 


F O I if 
10. (3xy + 2x) (x? + 2xy?) = 3x4y + 6x2y? + 2x9 + ax2y? 
11. (2x — 3)(y + 2) = 2xy + 4x —- 3y —-6 Multiply. 


12. (2x + 3y) (x — 4y) = 2x2 — 8xy + 3xy — 12y? 


13. (y — 4)(y + 10) 


= 2x* — 5xy— 12y? _ Collecting like terms ) 14. (p + 5q) (2p — 3q) 


Do Exercises 13-15. 15. (x2y + 2x) (xy? + y?) 


Calculator Corner 


Checking Multiplication of Polynomials A partial check of multiplication of polynomials can be performed 
graphically. Consider the product (x + 3) (x — 2) = x* + x — 6. We will use two graph styles to determine whether this product is 
correct. First, we press @@Ep to determine if SEQUENTIAL mode is selected. If it is not, we position the blinking cursor over SEQUENTIAL 
and then press Gg. Next, on the Y= screen, we enter y, = (x + 3) (x — 2) andy) = x2 + x — 6.We will select the line-graph 
style for y; and the path style for yz. To select these graph styles, we use © to position the cursor over the icon to the left of the equation 
and press Gg repeatedly until the desired style of icon appears, as shown below. 


y, = + 3)(x — 2), 
Yo =X? +x-6 


10 

SCI ENG Plott Plot2 Plot 

0123456789 \Y1 BE (X+3)(X—2) 

DEGREE Y2 B X2+X-6 

PAR POL SEQ \¥3 = 

DOT \Y4 = 

el SIMUL \Ys = 

at+bi re‘6i NVe= 

HORIZ G-T Wee 


The graphing calculator will graph y; first as a solid curve. Then it will graph y> as the circular cursor traces the leading edge of the 
graph, allowing us to determine visually whether the graphs coincide. In this case, the graphs appear to coincide, so the multiplication is 
probably correct. 

A table can also be used to perform a partial check of a product. See the Calculator Corner on p. 330 for the procedure. Remember 
that these procedures provide only a partial check since we can neither see the entire graph nor view all possible values of x ina table. 


Exercises: Determine graphically whether each product is correct. 


1. (x + 4) (x + 3) = x2 4+ 7x4 12 2. (3x + 2)(x — 1) = 3x2 +x-2 
3. (4x — 1) (x — 5) = 4x2 — 21x +5 4, (2x — 1) (3x — 4) = 6x* - llx-4 
5. (x — 1)(x-1) =x*#4+1 6. (x — 2)(x + 2) =x*2-4 
J 
Answers 


13. y2+ 6y—40 14. 2p? + 7pq — 15q? 
15. x3y3 + x2y3 + 2x2y? + xy? 
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A visualization of 
(A+ B)? using areas 


A B 


A+B 


Multiply. 
16. (a — b)? 


17. (x + 8)2 


18. (3x — 7)” 


Sneed Gi 
19. += 
9. (m in) 


Answers 


16. a2 — 2ab+ b? = 17. x2 + 16x + 64 
18. 9x2 — 42x +49 19. m®°+$m3n + 4n? 


(c) Squares of Binomials 


We can use the FOIL method to develop special products for the square ofa 
binomial: 


(A + B)* = (A+ B)(A+ B) (A — B)* = (A— B)(A - B) 
= A? + AB + AB + B? = A? — AB — AB + B? 
= A? + 2AB + B?; = A? — 2AB + B?. 


SQUARE OF A BINOMIAL 


The square of a binomial is the square of the first term, plus twice the 
product of the two terms, plus the square of the last term. 


(A + B)? = A2 + 2AB + B?; 
(A — B)* = A* — 2AB + B? 


Caution! 
In general, 


(AB)* = A*B*, but (A+ B)* # A? + B?. 


EXAMPLES Multiply. 
(A-B)* = A*—2A B + B 


Vvov Vy Y 
18. (y= 5)? = y? = 2(y) (5) + 5? 
= y* — 1l0y + 25 


(A+ B)*= A? +2 A B + B 


voy vo vy 


14, (2x + 3y)* = (2x)* + 2(2x) (3y) + (3y)? 
= 4x? + 12xy + 9y 
15. (3x2 + 5xy)? = (3x2)? + 2(3x7) (Sxy”) + (Sxy?)? 
= 9x4 + 30x3y* + 25x2y4 
16. (3a? — b3)? = (a2)? — 2(3a?) (b3) + (b3)? 
ia* — a*b3 + pb ) 


Do Exercises 16-19. 
(d) Products of Sums and Differences 


Another special case of a product of two binomials is the product of a sum 
and a difference. Note the following: 


F O I 


V 
(A + B)(A— B) = A? — AB + AB — B? = A* — B?. 
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PRODUCT OF A SUM AND A DIFFERENCE 


The product of the sum and the difference of the same two terms is 
the square of the first term minus the square of the second term (the 
difference of their squares). 


TT 


(A + B)(A— B) = A* — B? This is called a difference 
of squares. 


' EXAMPLES Multiply. (Say the rule as you work.) 
(A+ B)(A-— B) = A? — B? 


Vvyvvyv © ¥ Multiply, 
17. (y+ 5)(y— 5) =y* — 52 = y? — 25 20. (x + 8) (x — 8) 
18. (2xy? + 3x) (2xy? — 3x) = (2xy?)? — (3x)? = 4x2y4 — 9x? 21. (4y — 7) (4y + 7) 
19. (0.2t — 1.4m) (0.2t + 1.4m) = (0.2t)? — (1.4m)? = 0.04t? — 1.96m? Ws (sae MC ie TE) 
20. (2n — m?) (2n + m?) = (3n)? - (m?)? = $n? - m4 


oa 3 2) 
Do Exercises 20-23. 2) (sw ad ) (se a! 


) EXAMPLES Multiply. 
21. (Sy + 4 + 3x) (Sy + 4 — 3x) = (5y + 4)? — (3x)? 
aN 


= 25y2 + 40y + 16 — 9x? 


Here we treat the binomial 5y + 4 as the first expression, A, 
and 3x as the second, B. 


22. (3xy* + 4y) (—3xy2 + 4y) = (4y + 3xy?) (4y — 3xy?) 
(4y)? — (3xy?)? Multiply. 
16y2 — 9x2y4 Q 24, (2x + 3 — Sy) (2x + 3 + 5y) 


[Do Exercises 24 and 25. 25. (7x2y + 2y) (—2y + 7x2y) 


Try to multiply polynomials mentally, even when several types are mixed. 
First, check to see what types of polynomials are to be multiplied. Then use 
the quickest method. Sometimes we might use more than one method. 
Remember that FOIL always works for multiplying binomials! 


) EXAMPLE 23 Multiply: (s — 5f)(s + 5t) (s* — 25t7). 


We first note that s — 5t and s + 5t can be multiplied using the rule 
(A — B)(A + B) = A* — B*. Then we have the product of two identical bino- 
mials, so we square, using (A — B)? = A* — 2AB + B?. 


(s — 5t)(s + 5t) (s* — 25t?) 


= (s* — 25t”)(s? — 25t?) Using (A — B)(A + B) = A? — B? 
= (c2 — 9672)2 
. ‘ aot " a : Answers 
= (8°) = 2(s*) (250°) + (25f*) Using (A — B)* = A? — 2AB + B? 20. x2-64 21. 16y2 — 49 
4 50S?0? + 6250" : 22. 7.84a2 — 16.81b2 23. 9w? — = 


24, 4x2 + 12x + 9 — 25y? 
25. 49x4y? — 4y? 
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26. Multiply: 
(3x + 2y) (3x — 2y) (9x2 + 4y?). 


USING THE SUPPLEMENTS 


The new mathematical skills and 
concepts presented in the lectures 
will be of increased value to you 

if you begin the homework 
assignment as soon as possible 
after the lecture. Then if you still 
have difficulty with any of the 
exercises, you have time to access 
supplementary resources such as: 


e Student’s Solutions Manual 


© Worksheets for Classroom or 
Lab Practice 

e Video Resources on DVD 
Featuring Chapter Test Prep 
Videos 

e JInterAct Math Tutorial Website 
(www.interactmath.com) 


¢ MathXL® Tutorials on CD 


27. Given f(x) = x? + 2x — 7, find 
and simplify f(a + 1) and 
fla + h) — f(a). 


Answers 
26. 81x4 — 16y4 


27. f(a + 


fla+ 


1) =a? + 4a-4; 
h) — f(a) = 2ah + h2 + 2h 


Do Exercise 26. 


(e) Using Function Notation 


> Algebraic-Graphical Connection 


Let’s stop for a moment and look back at what we have done in this 
section. We have shown, for example, that 


(x — 2)(x + 2) =x? -4, 


that is, x? — 4 and (x — 2) (x + 2) are equivalent expressions. 
From the viewpoint of functions, if 


f(x) = (x — 2) (x + 2) 
and 
g(x) = x2 -4, 


then for any given input x, the outputs f(x) and g(x) are identical. Thus 
the graphs of these functions are identical and we say that fand g rep- 
resent the same function. Functions like these are graphed in detail in 
Chapter 7. 


(x) : 
a ZI Co (3, 5) 


3 5 5 
2 0 0 Ff) = (x— 2)(x + 2) 
1 =3 =3 
0 —4 -4 (—2, 0) (2, 0) a 
1 3 3 -5-4-3 3.45 x 

—2 0 0 gi) =x?-4 

-—3 5 5 

(-1, -3) (1, —3) 
XX eA 


<4 


Our work with multiplying can be used when manipulating functions. 


! EXAMPLE 24 Given f(x) = x? — 4x + 5, find and simplify f(a + 3) and 


f(a + h) — f(a). 
To find f(a + 3), we replace x with a + 3. Then we simplify: 
f(a + 3) = (a+ 3)? -4(a+3)4+5 
=a*+6at+9-4a-12+5=a7+ 2a+ 2. 


To find f(a + h) — f(a), we replace x with a + h for f(a + h) and x with 
a for f(a). Then we simplify: 
f(a +h) - f(a) = [(a + h)* - 4(a + h) +5] — [a* - 4a + 5] 
=a*+2ah +h? -4a-4h+5-a*+4a-5 
= 2ah + h? — 4h. ) 


Do Exercise 27. 
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3. 2x(-10x2y) 


—— SSS SSS 
: For Extra Help a ee 
mi Exercise Set Mymeta ye FB 


(a) Multiply. 
1. 8y2 - 3y 2. —5x2 + 6xy 
5. (5x5y4) (—2xy3) 6. (2a*bc?) (—3ab*c*) 


4. —7ab*(4a*b*) 


7. 2z(7 — x) 8. 4a(a? — 3a) 9. Gab(a + b) 
10. 2xy(2x — 3y) 11. 5cd(3c*d — 5cd?) 12. a?(2a” — 5a3) 
13. (5x + 2) (3x — 1) 14. (2a — 3b) (4a — b) 15. (s + 3t)(s — 32) 
16. (y + 4)(y — 4) 17. (x — y)(x- y) 18. (a + 2b) (a + 2b) 
21. (a® — 2b) (a2 — 3b?) 


19. (x3 + 8) (x3 — 5) 20. (2x4 — 7) (3x3 + 5) 
23. (x — 4) (x? + 4x + 16) 


22. (2m? — n?) (3m? — 5n”) 


24. (y + 3) (y? — 3y + 9) 


26. (a — b) (a? + ab + b?) 


25. (x + y) (x2 — xy + y?) 
30. (2x2 + y? — 2xy) (x2 — 2y2 — xy) 


+ 1) (x2 + x + 2) 29. (4a2b — 2ab + 3b*) (ab — 2b + a) 


28. (x2 — 2x 


31. (x + 4)(x + 4) 


35. (1.3x — 4y) (2.5x + 7y) 
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33. (3x — 3)(}x + 3) 


36. (40a — 0.24) (0.34 + 10D) 


343 


37. 


40. 


43. 


46. 


49. 


52. 


55. 


58. 


61. 


—, 


v.N yy ™N 


FB \c€) Multiply. 

(a+ 8)(a+5) 38. (x + 2) (x + 3) 
(y — 2) (y + 3) 41. (3a + 3) 

(x — 2y)? 44, (2s + 31)? 

(x — 5) (x - 3) 47. (2x + 9) (x + 2) 
(20a — 0.16b)? 50. (10p? + 2.3q)2 
(2a — 3b) (2a — b) 53. (x3 + 2)2 

(2x2 — 3y2)? 56. (38% + 4t7)? 
(x2y — xy)? 59. (0.la* — 5b)* 


Compound Interest. Suppose that P dollars is invested 
in a savings account at interest rate i, compounded 
annually, for 2 years. The amount A in the account after 
2 years is given by 

A= P(1 + i). 
Find an equivalent expression for A without parentheses. 
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39. (y + 7) (y — 4) 


42, (2x — 3)? 


45. (b — 3)(b-3) 
48. (3b + 2) (2b — 5) 


51. (2x — 3y) (2x + y) 
54. (y4 — 7)? 

57. (a3b? + 1)? 

60. (6p + 0.454") 


62. Compound Interest. Suppose that P dollars is invested 
in a savings account at interest rate i, compounded 
semiannually, for 1 year. The amount A in the account 
after 1 year is given by 


i\2 
anes 
2 


Find an equivalent expression for A without parentheses. 
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(d) Multiply. 


. (d + 8) (d — 8) 


63 


72 


75. 


78. 


81. 


84. 


. (1 — 2x) (1 + 2x) 


w (x? = ye) (x? = 92) 


. (1.6 + pq) (-1.6 + pq) 


(3a 


70 


76. 


79. 


82. 


-(y— 3)(y + 3) 


- (6m — 5n)(6m + 5n) 


. (2a* + 5ab) (2a2 — 5ab) 


. (—3pq + 4p*) (4p? + 3pq) 


(3ab ot 4c)(3ab = 4c) 


65. (2c + 3) (2c — 3) 


68. (3x + 7y) (3x — 7y) 


71. (—mn + m?)(mn + m?) 


74, (—10xy + 5x?) (5x2 + 10xy) 


77. (x +1) (x — 1) (x? 4 


80. (2x — y) (2x + y) (4x2 — y?) 


83. (2x + 3y + 4) (2x 4 
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\ 
— 


85. f(x) = 5x + x? 


88. f(x) = 3x2 — 4x +7 


91. f(x) = 4+ 3x — x? 


Skill Maintenance 


Solve. [3.4b] 


93. Auto Travel. Rachel leaves on a business trip, forget- 
ting her laptop computer. Her sister discovers Rachel’s 
laptop 2 hr later, and knowing that Rachel needs it for 
her sales presentation and that Rachel normally travels 
at a speed of 55 mph, she decides to follow her at a 
speed of 75 mph. After how long will Rachel’s sister 
catch up with her? 


Solve. [3.2a], [3.3a] 


95. 5x + 9y = 2, 
4x — Sy = 10 


96. x + 4y = 13, 
5% = Ty = =16 


Synthesis 


99. Tawa Use the TABLE and GRAPH features of a graphing 
calculator to check your answers to Exercises 28, 40, 
and 77. 


86. f(x) = 4x + 2x2 


89. f(x) = 5x — x? 


(e) For each of the following functions, find f(t — 1), f(p + 1), f(a + h) — f(a), f(t — 2) + c, andf(a) + 5. 


87. f(x) = 3x2 — 7x + 8 


90. f(x) = 4x — 2x2 


92. f(x) = 2 — 4x — 3x? 


94, Air Travel. An airplane flew for 5 hr against a 20-mph 
headwind. The return trip with the wind took 4 hr. 
Find the speed of the plane in still air. 


97. 2x — 3y = 1, 
4x — 6y = 2 


98. 9x — By = —2, 
3x + 2y = 3 


100. faa Use the TABLE and GRAPH features of a graphing 
calculator to determine whether each of the following 


is correct. 

a) (x - 1)? =x2-1 

b) (x — 2)(x + 3) =x? +x-6 
ce) (x — 18 = x3 — 3x2 + 3x-1 
d (x+1)*4=x4+4+1 


Multiply. Assume that variables in exponents represent natural numbers. 


2) (ganyr 


101. (z” 
103. ( 
105. (3x° = 3)? 
-( 
( 


eer Gate 
) 


r2 + s7)2(r2 + 2rs + s*) (r2 — 2rs + s”) 


107 


109. (x — 1) (x? 


x + 1)(x3 +1) 
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102. y2z"(y3"z3 — 4yz2) 
104. (y — 1)®y + 1)® 


4x? + 2xy + y?) (4x2 — 2xy + y?) 


49 


_ 


- ( 
108. (x ales tix 4 5) 
- ( 


10 xa-byath 
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Factoring is the reverse of multiplication. To factor an expression is to find 
an equivalent expression that is a product. For example, reversing a type of 
multiplication we have considered, we know that 

x? —9 = (x + 3)(x—- 3). 


We say that x + 3 and x — 3 are factors of x? — 9 and that (x + 3) (x — 3) is 
a factorization. 


To factor a polynomial is to express it as a product. 


A factor of a polynomial P is a polynomial that can be used to express 
Pasa product. 


FACTORIZATION 


A factorization of a polynomial P is an expression that names P as a 


product of factors. 


Be careful not to confuse terms with factors! The terms of x* — 9 are x” and 
—9. Terms are used to form sums. Factors of x2 — 9arex — 3andx + 3. 
Factors are used to form products. 


| Do Margin Exercise 1. 
(a) Terms with Common Factors 


To multiply a monomial and a polynomial with more than one term, we 
multiply each term by the monomial using the distributive laws. To factor, 
we do the reverse. We express a polynomial as a product using the distribu- 
tive laws in reverse. Compare. 


Multiply Factor 

5x(x? — 3x + 1) 5x3 — 15x? + 5x 
= 5x-x? —5x-3x+5x-1 = 5x-x? — 5x-3x+5x-1 
= 5x3 — 15x? + 5x = 5x(x2 — 3x + 1) 


| EXAMPLE1 Factor: 4y2 — 8. 


Ay? -§=4+y*—-A-2 4 is the largest common factor. 


= 4(y” — 2) Factoring out the common factor 4 ) 


SKILL TO REVIEW 
Objective R.5d: Use the distributive 
laws to find equivalent expressions 
by factoring. 
Factor. 

1. 2y-2 

2. 15y — 10x + 25 


1. Consider 


x? — 4x —5 = (x — 5)(x + 1). 
a) What are the factors of 
x2 — Ax — 52 
b) What are the terms of 
x? — 4x — 52 


Answers 


Skill to Review: 
1. 2(y—1) 2. 5(3y — 2x + 5) 


Margin Exercise: 
1. (a)x — S5andx + 1; (b) x*, —4x, and —-5 
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Factor. 
2. 3x* — 6 
3. 4x° — 8x3 


4, 9y* — 15y3 + 3y 


5. 6x2y — 21x3y2 + 3x2y3 


Factor out a common factor with a 
negative coefficient. 


(h, She sr Be 


7, —3x2 — 15x +9 


Answers 

2. 3(x2-— 2) 3. 4x3(x2 - 2) 

4. 3y?(3y? — 5y + 1) 

5. 3x2y(2 — 7xy + y*) 6. —8(x — 4) 
7. —3(x? + 5x — 3) 


In some cases, there is more than one common factor. In Example 2 
below, for instance, 5 is acommon factor, x3 is a common factor, and 5x° is 
a common factor. If there is more than one common factor, we generally 
choose the one with the largest coefficient and the largest exponent. 
EXAMPLES Factor. 

2. bet = 20a? = Seta = GRO * 4 
= 5x3(x — 4) — Multiply mentally to check your answer. 
3. 12x*y — 20x3y = 4x2y(3 — 5x) ) 
EXAMPLE 4 Factor: 10p%q? — 4p°q? + 2p4q4. 
First, we look for the greatest positive common factor in the coefficients: 
10, —4, 2 Greatest common factor = 2. 
Second, we look for the greatest common factor in the powers of p: 
p®, p?, p* Greatest common factor = p’*. 
Third, we look for the greatest common factor in the powers of q: 
q*, q?, q* Greatest common factor = @?. 
Thus, 2p*q? is the greatest common factor of the given polynomial. Then 
1op®q? — 4p°q + 2p*q* = 2p*q? - Sp* — 2p4q? - 2nq + 2p"q* + q? 
= 2p'q?(Sp? — 2pq + q?). b 
The polynomials in Examples 1-4 have been factored completely. They 


cannot be factored further. The factors in the resulting factorization are said 
to be prime polynomials. 


Do Exercises 2-5. 


When the leading coefficient is a negative number, we generally factor 
out the negative coefficient. 


' EXAMPLES Factor out acommon factor with a negative coefficient. 


5. —4x — 24 = —4(x + 6) 
6. —2x? + 6x — 10 = —2(x? — 3x + 5) ) 


Do Exercises 6 and 7. 


) EXAMPLE 7 Height of a Thrown Object. Suppose that a softball is 


thrown upward with an initial velocity of 64 ft/sec. Its height h, in feet, after 
t seconds is given by the function 


h(t) = —16t? + 64t. 


a) Find an equivalent expression for h(t) by factoring out a common factor 
with a negative coefficient. 


b) Check your factoring by evaluating both expressions for h(t) at t = 1. 
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a) We factor out —16¢ as follows: 

h(t) = —16t? + 64t = —16t(t — 4). 
b) We check as follows: 

h(1) = -16- 1? + 64-1 = 48; 


h(1) = -16-1(1 — 4) = 48. Using the factorization 


@ 


Height (in feet) 


(b) Factoring by Grouping 


In expressions of four or more terms, there may be a common binomial 
factor. We proceed as in the following examples. 


70 h(t) = -16t? + 64t 


Height = 48 ft 
after 1 sec 


l > 
2 3 4 + 


Seconds 


| 
| 
| 
| 
I 
I 
| 
| 
| 
! 
ll 


| Do Exercise 8. 


EXAMPLE 8 Factor: (a — b)(x + 5) + (a — b)(x - y?). 


(a — b)(x + 5) + (a— b)(x—y*) = (a 
=(a— b)(2x+5- y?) 


b)[(x + 5) + (x y*)] 


) 
| Do Exercises 9 and 10. 


In Example 9, we factor two parts of the expression. Then we factor as in 


Example 8. 


EXAMPLE 9 Factor: y? + 3y? + 4y + 12. 
y> + 3y? + 4y + 12 = (y3 + 3y2) + (4y + 12) 
= y*(y + 3) + 4(y + 3) 
= (y+ 3) (y? +4) 


EXAMPLE 10 Factor: 3x2 — 6x2 — x + 2. 


Grouping 
Factoring each binomial 


Factoring out the common 
factory + 3 ) 


First, we consider the first two terms and factor out the greatest com- 


mon factor: 


3x3 — 6x2 = 3x2(x — 2). 


Next, we look at the third and fourth terms to see if we can factor them in 
order to have x — 2 as a factor. We see that if we factor out —1, we get x — 2: 


x+2=-1:(x- 2). 


8. Height of a Rocket. A model 
rocket is launched upward with 
an initial velocity of 96 ft/sec. Its 
height h, in feet, after t seconds 
is given by the function 

h(t) = —16t? + 96¢. 

a) Find an equivalent expression 
for h(t) by factoring out a 
common factor with a 
negative coefficient. 

b) Check your factoring by 
evaluating both expressions 
for h(t) at t = 2. 


h 
h(t) = 162 + 96t-. 
Ade Ne eee 
120 
Be igalba: 
2 
gs x 
= 80). 
= 60 |... 
40 }.-4.- 
20 i 
Ta sae a7 a 
Seconds 
Factor. 
9. (p sear 2) 


Answers 


8. (a) h(t) = —16¢(t — 6); (b) h(2) = 128 
ineach 9. (p+q)(2x+y+ 2) 
10. (y + 3) (2y — 11) 
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Finally, we factor out the common factor x — 2: 
3x3 — 6x2 — x + 2 = (3x3 — 6x2) + (-x + 2) 
= 3x*(x — 2) + (-x + 2) 
= 3x*(x — 2) -—1(x-— 2) Check: -1(x — 2) = -x +2 


= (x — 2) (3x* — 1). Factoring out the common 
factor x — 2 ) 


! EXAMPLE 11 Factor: 4x3 — 15 + 20x? — 3x. 


4x3 — 15 + 20x2 — 3x = 4x3 + 20x2- 3x-—15  Rearranging 


= Ax*(x +5) -—3(x+5) Check: 
3(4 > 5) =—-B8x = 15 


= (x + 5)(4x? - 3) Factoring out x + 5 


Not all polynomials with four terms can be factored by grouping. An 
example is 


x3 4+ x2 4+ 3x - 3. 


Note that in a grouping like x*(x + 1) + 3(x — 1), the expressions x + 1 
Factor by grouping, if possible. and x — 1 are not the same. No grouping allows us to factor out a common 
11. 5y? + 2y? — loy- 4 binomial. 


12. x3 + 5x? + 4x — 20 Do Exercises 11 and 12. | 


Calculator Corner 


Checking Factorizations A partial check of a factorization can be performed using a table or a graph. To check the factor- 
ization 3x3 — 6x2 — x + 2 = (x — 2) (3x* — 1), for example, we enter y, = 3x3 — 6x2 — x + 2and yp = (x — 2) (3x* — 1) on 
the equation-editor screen (see p. 83). Then we set up a table in AUTO mode (see p. 164). If the factorization is correct, the values of y; and 
y2 will be the same regardless of the table settings used. We can also graph y; = 3x? — 6x* — x + 2and yp = (x — 2) (3x? — 1). If 
the graphs appear to coincide, the factorization is probably correct. Keep in mind that these procedures provide only a partial check since 
we cannot view all possible values of x in a table nor can we see the entire graph. 


y, = 3x3 — 6x? — x +2, 
Vo = (% — 2)(8x* - 1) 


I 
IN| 


1 


0 
1 
2 
3 
4 


x< 
Il 
| 

N 


—10 


Exercises: Use a table or a graph to determine whether the factorization is correct. 

1. 18x2 + 38x — 6 = 3(2x — 1) (3x + 2) 2. 3x” — 1lx — 20 = (3x + 4) (x — 5) 

3. 2x? + 5x — 12 = (2x + 3)(x — 4) 4, 20x2 — 13x — 2 = (4x + 1) (5x — 2) 

5. 6x2 + 18x + 6 = (6x + 1)(x + 6) 6. 6x? + 13x + 6 = (3x + 2)(2x + 3) 

7. x7 + 16 = (x — 4)(x - 4) 8. x2 — 16 = (x + 4)(x — 4) 
XX S 
Answers 


ll. (5y + 2)(y2— 2) 12. Cannot be factored by grouping 
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Exercise Set 


For Extra Help 


MyMathLab 


inp (TE G = |S 


PRACTICE WATCH DOWNLOAD READ REVIEW. 


(a) Factor. 


1. 6a* + 3a 2,.dx? > oe 3. x3 + 9x? 
4, y3 + By? 5. 8x? — 4x4 6. 6x2 + 3x4 
7. 4x2y — 12xy? 8. 5x7y3 + 15x3y2 9. 3y* — 3y -9 
10. 5x? — 5x + 15 11. 4ab — 6ac + 12ad 12. 8xy + 10xz — 14xw 
13. 10a* + 15a” — 25a — 30 14, 1245 — 20¢4 + 8t? — 16 15. 15x2y°z3 — 12x4y4z7 
16. 21a3b°c? — 14a7b%c? 17. 14a4*b3c5 + 21a3b°c* — 35a*b4c3 18. 9x3 y5z2 — 12x4y4z4 + 15x2y°z3 


Factor out a common factor with a negative coefficient. 


19. 


22. 


25. 


28. 


—5x — 45 20. —3f + 18 
—8t + 40 23. —2x? + 2x — 24 
—3y* + 24y 26. —7x? — 56y 

nm — m2 +m-—2 29, —3y? + 12y?2 


21. —6a — 84 


24, —2x2 + 16x — 20 


27. —a‘* + 2a3 — 13a? -1 


31. Volume of Propane Gas Tank. A propane gas tank is 
shaped like a circular cylinder with half of a sphere at 


each end. The volume of the tank with length h and 


radius r of the cylindrical section is given by the 
polynomial 

mrzh + $a, 
Find an equivalent expression by factoring out a 
common factor. 


15y + 24 30. —4m* — 32m3 + 64m — 12 


32. Triangular Layers. The stack of truffles shown below is 
formed by triangular layers of truffles. The number N of 
truffles in the stack is given by the polynomial function 

N(x) = gx3 + 5x? + 4x, 
where x is the number of layers. Find an equivalent 
expression for N(x) by factoring out a common factor. 
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33. Height of a Baseball. 


A baseball is popped up with an 


34. 


upward velocity of 72 ft/sec. Its height h, in feet, after 


t seconds is given by 


h(t) = —16t? + 72¢. 
a) Find an equivalent expression for h(t) by factoring 
out a common factor with a negative coefficient. 
b) Perform a partial check of part (a) by evaluating 
both expressions for h(t) at t = 2. 


35. Total Revenue. 


Perfect Sound is marketing a new kind 36. 


of home theater chair. The firm determines that when 
it sells x chairs, the total revenue R is given by the 


polynomial function 


R(x) = 280x + 0.4x? dollars. 
Find an equivalent expression for R(x) by factoring 


out 0.4.x. 


(b) Factor. 


37. a(b — 2) + c(b — 2) 


43. ac + ad + be + bd 


46. y3 — y2 + 3y-3 


49. 24x3 + 72x — 36x? — 108 


52. p®§ + p® — p> + p2 
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38. 


Al. 


44, 


47. 


50. 


53. 


a(x* — 3) — 2(x? - 3) 39. (x 


yf ey a 


xy + xz+ wy + wz 


y> + By? — 5y — 40 


10a? + 50a — 15a2 — 


2y* + 6y2 — 5y* — 15 


Polynomials and Polynomial Functions 


Number of Diagonals. The number of diagonals of a 
polygon having n sides is given by the polynomial 
function 


Find an equivalent expression for P(n) by factoring out a 
common factor. 


Total Cost. Perfect Sound determines that the total 
cost C of producing x home theater chairs is given by 
the polynomial function 

C(x) = 0.18x + 0.6x2. 
Find an equivalent expression for C(x) by factoring 
out 0.6x. 


42. b> — 3b4+ b-3 


45. b3 — b2 + 2b- 2 


48. t2? + 6t2 — 2t-— 12 


a*-ae+a*+a 


75 51. 


54, 2xy + x2y — 6 — 3x 
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Skill Maintenance 


In each of Exercises 55-62, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


55. The equation y = mx + bis called the 


of the line with slope m and y-intercept (0, b).  [2.4b] 


equation 


56. Equations with the same solutions are called 
equations. [1.la] 


57. If the slope of a line is less than 0, the graph slants 
from left to right. [2.4b] 


58. A(n) 
[3.1la] 


system of equations has no solution. 


point-slope 
slope-intercept 
complementary 
supplementary 
consistent 
inconsistent 
equivalent 
ascending 
descending 

up 

down 


59. The equation y — y; = m(x — x,), where mis the slope of the line 


and (x, y;) is a point on the line, is called the 


constant 


equation. [2.6b] 


60. angles are angles whose sum is 180°. 


61. When the terms of a polynomial are written such that the 
exponents increase from left to right, we say the polynomial is 
written in order. [4.1lal] 


62. The function h(x) = 5 is an example of a(n) 
function. [2.2b] 


Synthesis 


Complete each of the following. 


63. x5y4 + = x3y( + xy?) 

Factor. 

65. rx? — rx + Sr + sx? — sx + 5s 

67. atx4 + atx? + 5a4 + a2x4 + a*x? + 5a2 + 5x4 4+ 5x2 4 25 


Factor out the smallest power of x in each of the following. 
68. x!/2 + 5x3/2 


70. x3/4 + x2 — xV4 


Factor. Assume that all exponents are natural numbers. 
72. 2x34 + 8x4 + 4x24 


74, 4x 4th 4 7x a-b 


[3.2b] 


increasing 


decreasing 


64. a°b? — = 


66. 3a2 + 6a + 304 14ab 4 


(Hint: Use three groups of three.) 


69. x/3 — 7x4/3 


71. xV/3 — 5x V2 + 3x3/4 


73. 3a"! + 6a” — 15a™*2 


75. 7y2atb = Byatt 4+ By4t2b 
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SKILL TO REVIEW 
Objective R.2a: Add real numbers. 


Factor. Check by multiplying. 
1.x? +5x+6 


2. y2 + 7y + 10 


(a) Factoring Trinomials: x* + bx + ¢ 


We now consider factoring trinomials of the type x* + bx + c.We use a refined 
trial-and-error process that is based on the FOIL method. 


Constant Term Positive 
Recall the FOIL method of multiplying two binomials: 


E O 


F O I iL 
(x + 3)(x+ 5) = x2 + 5x + 3x4 15 


Te + 2 4 


i =x2 +8x +15. 


The product is a trinomial. In this example, the leading term has a coefficient 
of 1. The constant term is positive. To factor x2 + 8x + 15, we think of FOIL 
in reverse. We multiplied x times x to get the first term of the trinomial. Thus 
the first term of each binomial factor is x. We want to find numbers p and q 
such that 


x? + 8x +15 =(x+ p)(x+q). 


To get the middle term and the last term of the trinomial, we look for two num- 
bers whose product is 15 and whose sum is 8. Those numbers are 3 and 5. 
Thus the factorization is 


(x + 3)(x+ 5), or (x + 5)(x + 3) 
by the commutative law of multiplication. In general, 
(x + p)(x + q) =x? + (p+ q)x + pq. 


To factor, we can use this equation in reverse. 


EXAMPLE 1 Factor: x2 + 9x + 8. 


Think of FOIL in reverse. The first term of each factor is x. We are looking 
for numbers p and q such that 


| V 
x? + 9x+8= (x + p)(x+q) =x*+ (pt q)x + pg. 


We look for two numbers p and gq whose product is 8 and whose sum is 9. 
Since both 8 and 9 are positive, we need consider only positive factors. 


PAIRS OF FACTORS SUMS OF FACTORS 


The numbers we need are 
1 and 8. 


The factorization is (x + 1) (x + 8).Wecan check by multiplying: 


(x + 1)(x + 8) = x2 + 9x + 8. ) 


Do Margin Exercises 1 and 2. J 


Polynomials and Polynomial Functions 


When the constant term of a trinomial is positive, we look for two 
factors with the same sign (both positive or both negative). The sign is 
that of the middle term. 


) EXAMPLE 2 Factor: y* — 9y + 20. 


Since the constant term, 20, is positive and the coefficient of the middle 
term, —9, is negative, we look for a factorization of 20 in which both factors 
are negative. Their sum must be —9. 


PAIRS OF FACTORS SUMS OF FACTORS 


The numbers we need are 
—4and —5. 


Factor. 
The factorization is (y — 4) (y — 5). ) 3. m? — 8m + 12 


Do Exercises 3 and 4. 4. 24 — 11t + t? 


Constant Term Negative 


When the constant term of a trinomial is negative, we look for two 
factors whose product is negative. One of them must be positive 
and the other negative. Their sum must be the coefficient of the 
middle term. 


5. a) Factor: x2 — x — 20. 


) EXAMPLE 3 Factor: x? — x? — 30x. b) Explain why you would not 
Always look first for the largest common factor. This time x is the com- consider Moe pairs of factors 
mon factor. We first factor it out: SE ann 9 2. 
x3 — x* — 30x = x(x? — x — 30). PRODUCTS 


PAIRS OF FACTORS OF FACTORS 


Now consider x2 — x — 30. Since the constant term, —30, is negative, we look 
for a factorization of —30 in which one factor is positive and one factor is nega- 
tive. The sum of the factors must be —1, the coefficient of the middle term, so 
the negative factor must have the larger absolute value. Thus we consider only 
pairs of factors in which the negative factor has the larger absolute value. 


PAIRS OF FACTORS SUMS OF FACTORS 


Factor. 


6. x3 — 3x2 — 54x 
The numbers we want are 


5 and —6. 7. 2x3 — 2x2 — 84x 


The factorization of x* — x — 30 is (x + 5)(x — 6). But do not forget the 


common factor! The factorization of the original trinomial is a 


x(x + 5)(x — 6). ) 3. (m—2)(m—6) 4. (t—3)(t— 8), or 
(3-—f)(8—t) 5. (a) (x — 5) (x + 4); 


o x (b) The product of each pair is positive. 
Do Exercises 5-7. 6. x(x —9)(x +6) 7. 2x(x — 7) (x +6) 
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Factor. 
8. x3 + 4x2 — 12x 


9. y? — 4y — 12 


10. x2 — 110 - x 


11. Factor: x2 + x — 5. 


Factor. 
12. x2 — 5xy + 6y2 


13. p* — 6pq — 16q2 


Answers 

8. x(x + 6)(x-— 2) 9. (y — 6) (y + 2) 

10. (x + 10)(x— 11) 11. Not factorable 
12. (x — 2y) (x — 3y) 13. (p — 8q) (p + 2q) 


! EXAMPLE 4 Factor: x2 + 17x — 110. 


Since the constant term, —110, is negative, we look for a factorization of 
—110 in which one factor is positive and one factor is negative. Their sum 
must be 17, so the positive factor must have the larger absolute value. 


PAIRS OF FACTORS SUMS OF FACTORS 


We consider only pairs of factors 
in which the positive term has 
the larger absolute value. 


The numbers we need are 
—5 and 22. 


The factorization is (x — 5) (x + 22). ) 


Do Exercises 8-10. | 


Some trinomials are not factorable. 


! EXAMPLE 5 Factor: x? — x — 7. 


There are no factors of —7 whose sum is —1. This trinomial is not factor- 
able into binomials. 


Do Exercise 11. 


To factor x2 + bx +c: 


1. First arrange in descending order. 


2. Use a trial-and-error procedure that looks for factors of c whose 
sum is b. 


¢ If cis positive, then the signs of the factors are the same as the 
sign of b. 

e Ifcis negative, then one factor is positive and the other is 
negative. (If the sum of the two factors is the opposite of b, 


changing the signs of each factor will give the desired factors 
whose sum is D.) 


3. Check your result by multiplying. 


The procedure considered here can also be applied to a trinomial with 
more than one variable. 


) EXAMPLE 6 Factor: x? — 2xy — 48y?. 


We look for numbers p and q such that 
2 


x 2xy 48y* = (x + py)(x + qy). 


Our thinking is much the same as if we were factoring x* — 2x — 48. We look 
for factors of —48 whose sum is —2. Those factors are 6 and —8. Then 


2 — Qxy — 48y” = (x + Gy) (x — By). 


x 


We can check by multiplying. ) 


Do Exercises 12 and 13. 
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Sometimes a trinomial like x* + 2x? — 15 can be factored using the fol- 
lowing method. We can first think of the trinomial as (x*)* + 2x* — 15, orwe 
can make a substitution (perhaps just mentally), letting u = x°. Then the 
trinomial becomes 


u2 + 2u — 15. 


As we see in Example 7, we factor this trinomial and if a factorization is found, 
we replace each occurrence of u with x2. 


EXAMPLE 7 Factor: x4 + 2x2 — 15. 


We let u = x*. Then consider u* + 2u — 15. The constant term is nega- 
tive and the middle term is positive. Thus we look for pairs of factors of —15, 
one positive and one negative, such that the positive factor has the larger 
absolute value and the sum of the factors is 2. 


PAIRS OF FACTORS SUMS OF FACTORS 


The numbers we need are 
—3 and 5. 


The desired factorization of u* + 2u — 15 is 
(u— 3)(u+ 5). 


Replacing u with x2, we obtain the following factorization of the original 
trinomial: 


(x? — 3) (x2 + 5). ) 


| Do Exercises 14 and 15. 


Leading Coefficient of —1 


EXAMPLE 8 Factor: 14 + 5x — x2. 


Note that this trinomial is written in ascending order. When we rewrite it 
in descending order, we get 


—x* + 5x4 14, 


which has a leading coefficient of —1. Before factoring, in such a case, we can 
factor out a —1: 


42+ 5x + 14 = —1(x? — 5x — 14), 
Then we proceed to factor x* — 5x — 14. We get 


x? + 5x + 14 = —1(x? — 5x — 14) = -1(x — 7)(x + 2). 


We can also express this answer two other ways by multiplying through either 
binomial by —1. Thus each of the following is a correct answer: 


x? + 5x + 14 = —l(x — 7) (x + 2); 
= (—x + 7)(x + 2); Multiplying x — 7 by —1 


= (x — 7)(-x - 2). Multiplying x + 2 by —1 
j 


| Do Exercises 16 and 17. 


Factor. 
14, x4 — 9x2 + 14 


15. p®° + p> - 6 


Factor. 
16. 10 — 3x — x2 


17. —x2 + 8x — 16 


Answers 

14. (x2 — 2) (x2 — 7) 

15. (p3 + 3) (p? — 2) 

16. —(x + 5) (x — 2), or (—x — 5) (x — 2), 
or(x + 5)(-x +2) 17. —(x — 4) (x - 4), 
or (—x + 4) (x — 4) 
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. For Extra Help —_ 
Awe Exercise Set Ss 2 


thLab w G a - 
MyMa PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Factor. 


1. x2 + 13x + 36 2. x2 + 9x + 18 3. t? — 8f+ 15 

4. y? — l0y + 21 5. x2 — 8x — 33 6. t? — 15 — 2¢ 

7. 2y* — 1l6y + 32 8. 2a* — 20a + 50 9. p? + 3p — 54 

10. m2 + m — 72 11. 12x + x2 + 27 12. 10y + y? + 24 
13. y? - Zy += 4, p? + Ep + 15. t? — 4t+ 3 

16. y* — 14y + 45 17. 5x +x2-14 18. x + x? — 90 

19. x2 + 5x +6 20. y2 + By +7 21.56 + x — x? 
22. 32 + 4y — y? 23. 32y + 4y? — y3 24. 56x + x2 — x3 
25. x4 + 11x? — 80 26. y4 + Sy” — 84 27. x2 — 3x +7 

28. x2 + 12x + 13 29. x2 + 12xy + 27y2 30. p? — 5pq — 24q2 
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31. 2x2 — 8x — 90 32. 3x* — 21x — 90 33. —z* + 36 — 9z 


34. 24 — a* — 10a 35. x4 + 50x? + 49 36. p* + 80p? + 79 
37. x® + 11x3 + 18 38. x6 — x3 — 42 39. x8 — 11x4 + 24 
40. x8 — 7x4 + 10 41. y* — 0.8y + 0.16 42. a2 + 1.4a + 0.49 
43, 12 — b}° — p20 44, 8 — 7115 — 730 


Skill Maintenance 


Solve. [3.4a] 


45. Mixing Rice. Countryside Rice is 90% white rice and 46. Wages. Takako worked a total of 17 days last month at 
10% wild rice. Mystic Rice is 50% wild rice. How much of her father’s restaurant. She earned $50 per day during the 
each type should be used to create a 25-lb batch of rice week and $60 per day during the weekend. Last month 
that is 35% wild rice? Takako earned $940. How many weekdays did she work? 


Determine whether each of the following is the graph ofa function. [2.2d] 
47. y 48. y 49. y 50. y 


AAAAL: 
ea x x 


— 
x 
Find the domain off. [2.3a] 
3 
51. f(x) =x? -2 52. f(x) = 3 — 2x 53. f(x) = 7 54. f(x) = 3 — |x| 
Synthesis 
55. Find all integers m for which x* + mx + 75 can be 56. Find all integers q for which x* + qx — 32 can be 
factored. factored. 
57. One of the factors of x? — 345x — 7300 is x + 20. Find 58. laa Use the TABLE and GRAPH features of a graphing 
the other factor. calculator to check your answers to Exercises 1-6. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The polynomial 5x + 2x2 — 4x3 canbe factored. [4.3a] 


2. The expression 17x~2y? isa monomial. [4.1a] 

3. The degree of a polynomial is the same as the degree of the leading term. [4.1a] 
4. The opposite of —x2 + xisx — x?. [4.1d] 

5. The binomial 144 — x? is a difference of squares. [4.2d] 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 
6. Multiply: (8w — 3)(w— 5). [4.2b] 


F O I L 
(8w — 3)(w — 5) = (8w) (L)) + (L)(-5) + () @) + (-3) (2) 
= 8w w We 
=[]w2 w 4 


7. Factor: c? — 8c2 — 48c. [4.3al, [4.4al 
c3 — 8c* — 48c = c: c: c: 


=H 48) = c(ce +[]) (c ) 


8. Factor: x29 + 8x!9-— 9. [4.4a] 
x20 + 8x10 9 = (F))? + 8(7) - 9 = (FJ + 9)( 1) 


9. Factor by grouping: 5y? + 20y* — y— 4. [4.3b] 
5y3 + 20y? - y- 4 = 5y7 (+0) +O(O+D) 
= (y+ L) (5y* - 1) 


Mixed Review 


For each polynomial, identify the terms, the degree of each term, and the degree of the polynomial. Then identify the 
leading term, the leading coefficient, and the constant term. [4.1a] 


10. -a’ + a*-—a+8 11. 3x4 + 2x3w® — 12x2w + 4x2 -— 1 


12. Arrange in ascending powers of y: —2y + 5 — y3 + y9 — 2y4. [4.1al 
13. Arrange in descending powers of x: 2qx — 9qr + 2x° — 4qx*. [41a] 


Evaluate each polynomial function for the given values of the variable. [4.1b] 


14, h(x) = —x3 — 4x + 5; h(0), h(—2), and n(3) 15. f(x) = ext — x3; f(-1), f(1), and f(0) 
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16. Given f(x) = x* + 2x — 9, find and simplify f(a — 2) and f(a + h) — f(a). [4.2e] 


Add, subtract, or multiply, 
17. (3a2 — 7b + ab + 2) + (-5a2 + 4b — 5ab — 3) [4.1c] 


18. (x2 + 10x — 4) + (9x2 — 2x +1) + (x2 -—x-5) [4.1c] 


19. (b— 12)(b+1) [4.2b] 

21. (y* — 6)(y4 +3) [4.2b] 

23. (8x — 11) — (-x +1) [4.1d] 
25. (2x + 5)? [4.2c] 


27. —13x2-10xy [4.2a] 
29. (5x — 7) (204 9) \42b] 


Factor. 
31. 5h2 + 7h [4.3al 32. x2 + 8x — 20 


34, m2 + En + my [4.4a] 
Ti 49 


37. 13+ 3124+ 44+3 [4.3b] 


35. 2xy — x*y— 5x +10 [4.3b] 


38. 24xy®z4 — léx4y3z [4.3al 


20. c2(3c2 — c3)  [4.2a] 


22. (7y” — 2y3 — 5y) — (y* — 3y — 6y3)  [4.1d] 


26. (0.01x — 0.5y) — (2.5y — 0.1x) [4.1d] 


28. (x + y) (x2 — 2xy + 3y”) [4.2a] 


30. (9x — 4)(9x + 4) [4.2d] 


[4.4a] 33. 21 — 4b — b2 [44a] 


36. 3w2 — 6w+3 [44a] 


39. x7 + 8x+6 [44a] 


Understanding Through Discussion and Writing 


40. Explain in your own words why —(a — b) = b — a. 
[4.1d], [4.3a] 


42. Is it true that if a polynomial’s coefficients and expo- 
nents are all prime numbers, then the polynomial itself 
is prime? Why or why not? [4.3a] 


44, Explain the error in each of the following. 
a) (a+ 3)*=a2+9 [4.2c] 

(a — b)(a— b) = a* — b?  [4.2c] 

(x + 3)(x-4) =x?-12 [4.2b] 

d) (p + 7)(p— 7) = p* + 49 [4.2d] 

(t- 3)? =t2-9 [4.2c] 


41. Is the sum of two binomials always a binomial? Why or 
why not? [4.1c] 


43. Under what conditions would it be easier to evaluate a 
polynomial function after it has been factored? 
[4.1b], [4.4a] 


45. Checking the factorization of a second-degree polyno- 
mial by making a single replacement is only a partial 
check. Write an incorrect factorization and explain how 
evaluating both the polynomial and the factorization 
might catch a possible error. [4.4a] 
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SKILL TO REVIEW 
Objective 4.2b: Use the FOIL 
method to multiply two binomials. 
Multiply. 

1. (8x — 7) (2x + 1) 
2. (6a — b) (3a + 5b) 


Answers 


Skill to Review: 


1. 16x -—6x-—7 2. 18a? + 27ab — 5b? 
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Now we learn to factor trinomials of the type ax” + bx + c,a # 1.Weuse two 
methods: the FOIL method and the ac-method.* Although one is discussed 
before the other, this should not be taken as a recommendation of one form 
over the other. 


(a) The FOIL Method 


We first consider the FOIL method for factoring trinomials of the type 
ax* + bx + c,a # 1. Consider the following multiplication. 


r & 4. @ 
Vevv iy 


(3x + 2) (4x + 5) = 12x2 + 15x + 8x + 10 


y YOY 


=12x2+ 23x +410 


To factor 12x? + 23x + 10, we must reverse what we just did. We look for two 
binomials whose product is this trinomial. The product of the First terms must 
be 12x. The product of the Outside terms plus the product of the Inside terms 
must be 23x. The product of the Last terms must be 10. We know from the pre- 
ceding discussion that the answer is (3x + 2) (4x + 5). In general, however, 
finding such an answer involves trial and error. We use the following method. 


THE FOIL METHOD 


To factor trinomials of the type ax* + bx + c,a ¥ 1, using the FOIL 
method: 


1. Factor out the largest common factor. 


. Find two First terms whose product is ax?: 


(Lie + (Le + 


| 
| | FOIL 


)=ax? + bxt+c. 


. Find two Last terms whose product is c: 


( x+(B)( x+ (Bf) =ax? + brie. 


| 
| | FOIL 


. Repeat steps (2) and (3) until a combination is found for which the 
sum of the Outside and Inside products is bx: 


(Mix + BD (Mx + BB) = axe? + bx t+. 
| 
| LJ | FOIL 
O 


5. Always check by multiplying. 


*To the instructor: Here we present two ways to factor general trinomials: the FOIL method 
and the ac-method. You can teach both methods and let the student use the one he or she 
prefers or you can select just one for the student. 


Polynomials and Polynomial Functions 


' EXAMPLE 1 Factor: 3x2 + 10x — 8. 


1. First, we factor out the largest common factor, if any. There is none (other 
than 1 or —1). 

2. Next, we factor the first term, 3x*. The only possibility is 3x - x. The 
desired factorization is then of the form (3x + [_]) (x + 

3. We then factor the last term, —8, which is negative. The possibilities are 
(—8) (1), 8(-1), 2(—4), and (—2) (4). They can be written in either order. 

4. We look for combinations of factors from steps (2) and (3) such that the 
sum of the outside and the inside products is the middle term, 10x: 

3x =3% 
Po] iT | 
(3x — 8)(x + 1) = 3x7 — Sx — 8; (3x + 8)(x — 1) = 3x2 + 5x - 8; 
— L_| L__| = 
= Wrong middle term 8x Wrong middle term 
125 12x 
(3x + 2)(x— 4) =3x2-10x-8; (3x — 2)(x + 4) = 3x2 + 10x - 8. 
Ls — as |_| 
Am Wrong middle term =2% Correct middle term! 

There are four other possibilities that we could try, but we have a fac- 
torization: (3x — 2) (x + 4). 

5. Check: (3x — 2)(x + 4) = 3x2 + 10x — 8. ) 


Do Exercises 1 and 2. 


' EXAMPLE 2 Factor: 18x® — 57x5 + 30x*. 


1. 


First, we factor out the largest common factor, if any. The expression 3x4 
is common to all terms, so we factor it out: 3x4(6x* — 19x + 10). 


. Next, we factor the trinomial 6x2 — 19x + 10. We factor the first term, 


6x*, and get 6x - x, or 3x - 2x. We then have these as possibilities for fac- 


torizations: (3x + [) (2x + If) or (6x + HB) (x + BD. 


. We then factor the last term, 10, which is positive. The possibilities are 


(10) (1), (—10) (—1), (5) (2), and (—5)(—2). They can be written in 
either order. 


. We look for combinations of factors from steps (2) and (3) such that the 


sum of the outside and the inside products is the middle term, — 19x. The 
sign of the middle term is negative, but the sign of the last term, 10, is 
positive. Thus the signs of both factors of the last term, 10, must be nega- 
tive. From our list of factors in step (3), we can use only —10, —1 and 
—5, —2 as possibilities. This reduces the possibilities for factorizations by 
half. We begin by using these factors with (3x + |_|) (2x + |_]). Should we 
not find the correct factorization, we will consider (6x + [[]) (x + [)). 


Factor by the FOIL method. 
132 lay 56 


2. 3x2 + 5x + 2 


Answers 
1. (x — 7) (3x + 8) 


2. (3x + 2) (x +1) 
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=x 


—_——— 
(3x — 10) (2x — 1) = 6x? — 23x + 10; 


—30x 


1 
(3x — 1) (2x — 10) = 6x? — 32x + 10; 


Factor. 
3. 24y* — 46y + 10 


A. 20x° — 46x4 + 24x3 


Answers 


3. 2(4y — 1) (3y — 5) 
4, 2x3(2x — 3) (5x — 4) 
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=20% Wrong middle 2% Wrong middle 
term term 
=6x = 15% 
ic —,.. -@ [ -.... a 
(3x — 5)(2x — 2) = 6x? - 16x +10; (3x — 2)(2x — 5) = 6x? — 19x + 10 
—10x Wrong middle —Ax Correct middle 
term term! 


We have a correct answer. We need not consider (6x + |_|) (x + L_]). 
Look again at the possibility (3x — 1) (2x — 10). Without multiplying, 
we can reject such a possibility, noting that 


(3x — 1) (2x — 10) = 2(3x — 1)(x — 5). 


The expression 2x — 10 has a common factor, 2. But we removed the 
largest common factor before we began. If this expression were a factori- 
zation, then 2 would have to be a common factor along with 3x4. Thus, as 
we saw when we multiplied, (3x — 1) (2x — 10) cannot be part of the fac- 
torization of the original trinomial. Given that we factored out the largest 
common factor at the outset, we can now eliminate factorizations that 
have a common factor. 

The factorization of 6x” — 19x + 10 is (3x — 2) (2x — 5). But do not 
forget the common factor! We must include it in order to get a complete 
factorization of the original trinomial: 


18x® — 57x° + 30x4 = 3x4(3x — 2) (2x — 5). 
5. Check: 3x4(3x — 2) (2x — 5) = 3x4(6x? — 19x + 10) 
= 18x6 — 57x5 + 30x14. ) 


Here is another tip that might speed up your factoring. Suppose in 
Example 2 that we considered the possibility 


(3x + 2)(2x + 5) = 6x? + 19x + 10. 


We might have tried this before noting that using all plus signs would give us 
a plus sign for the middle term. If we change both signs, however, we get the 
correct answer before including the common factor: 


(3x — 2) (2x — 5) = 6x* — 19x + 10. 


Do Exercises 3 and 4. 


Polynomials and Polynomial Functions 


TIPS FOR FACTORING ax? + bx + ¢, 
a #1, USING THE FOIL METHOD 


1. If the largest common factor has been factored out of the original 
trinomial, then no binomial factor can have a common factor 
(other than 1 or —1). 

2. a) Ifthe signs of all the terms are positive, then the signs of all the 

terms of the binomial factors are positive. 

b) Ifaand care positive and b is negative, then the signs of the 
factors of c are negative. 

c) If ais positive and c is negative, then the factors of c will have 
opposite signs. 

3. Be systematic about your trials. Keep track of those you have tried 
and those you have not. 

4. Changing the signs of the factors of c will change the sign of the 
middle term. 


Keep in mind that this method of factoring trinomials of the type 
ax* + bx + c involves trial and error. As you practice, you will find that you Factor. 
will need fewer trials to arrive at the factorization. 5. 3x2 + 19x + 20 


Do Exercises 5 and 6. 6. 16x — 12 + 16x 


The procedure considered here can also be applied to a trinomial with 
more than one variable. 


' EXAMPLE 3 Factor: 30m? + 23mn — 11n2. 


1. First, we factor out the largest common factor, if any. In this polynomial, 
there is no common factor (other than 1 or —1). 


2. Next, we factor the first term, 302, and get the following possibilities: 
30m: m, 15m - 2m, 10m-3m, and 6m- 5m. 
We then have these as possibilities for factorizations: 


(30m + [_])(m+()), (15m + [}) (2m + [)), 
(10m +) (3m+{(])), (6m+([)) (5m + [)). 


3. We then factor the last term, —11n?, which is negative. The possibilities 
are —lln-nand1ln- (—n). 


4. We look for combinations of factors from steps (2) and (3) such that the 
sum of the outside and the inside products is the middle term, 23mn. 
Since the coefficient of the middle term is positive, let’s begin our search 
using 11n - (—n). Should we not find the correct factorization, we will 


consider —11n- n. 
Note that changing 


(30m + 11n)(m — n) = 30m? — 19mn — 11n?; the order of lln 
(30m — n)(m + 11n) = 30m? + 329mn — oer and —n changes 
(15m + 11n) (2m — n) = 30m? + 7mn — 11n?; ore 
( 
( 


15m — n)(2m + 11n) = 30m? + 163mn — 11n?; 
10m + 11n)(3m — n) = 30m? + 23mn — 11n* <— Correct middle term 


Answers 


5. (3x + 4)(x +5) 6. 4(2x — 1) (2x + 3) 
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Factor. 
7. 21x? — 5xy — 4y? 


8. 60a2 + 123ab — 27b2 


FORMING A STUDY GROUP 


Consider forming a study group 
with some of your fellow students. 
Exchange e-mail addresses, tele- 
phone numbers, and schedules so 
that you can coordinate study time 
for homework and tests. 


Answers 


7. (7x — 4y) (3x + y) 
8. 3(4a + 9b) (5a — b) 


We have a correct answer: 30m? + 23mn — 11n2. The factorization of 
30m? + 23mn — 11n* is (10m + 11n)(3m — n). 


5. Check: (10m + 11n) (3m — n) = 30m? + 23mn — 11n?. ) 


Do Exercises 7 and 8. } 
(b) The ac-Method 


The second method of factoring trinomials of the type ax? + bx + c,a #1, 
is known as the ac-method, or the grouping method. It involves not only trial 
and error and FOIL, but also factoring by grouping. This method can cut 
down on the guesswork of the trials. 

We can factor x? + 7x + 10 by “splitting” the middle term, 7x, and using 
factoring by grouping: 


x2 + 7x + 10 = x2 + 2x + 5x + 10 
= x(x + 2) + 5(x + 2) 
= (x + 2)(x + 5). 


If the leading coefficient is not 1, as in 6x” + 23x + 20, we use a method for 
factoring similar to what we just did with x2 + 7x + 10. 


THE ac-METHOD 
To factor ax* + bx + c,a ¥ 1, using the ac-method: 


1. Factor out the largest common factor. 
2. Multiply the leading coefficient a and the constant c. 


3. Try to factor the product ac so that the sum of the factors is b. That 
is, find integers p and q such that pq = acandp + q = b. 


4. Split the middle term. That is, write it as a sum using the factors 
found in step (3). 


5. Factor by grouping. 
6. Always check by multiplying. 


| EXAMPLE 4 Factor: 6x2 + 23x + 20. 
1. First, factor out a common factor, if any. There is none (other than 1 
or —1). 
2. Multiply the leading coefficient, 6, and the constant, 20: 6 - 20 = 120. 


3. Then look for a factorization of 120 in which the sum of the factors is the 
coefficient of the middle term, 23. Since both 120 and 23 are positive, we 
need consider only positive factors of 120. 


PAIRS OF SUMS OF 


PAIRS OF SUMS OF 
FACTORS FACTORS 


FACTORS FACTORS 


1, 120 121 
2, 60 62 
3, 40 43 
4, 30 34 
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4. Next, split the middle term as a sum or a difference using the factors 
found in step (3): 


6x2 + 23x + 20 = 6x2 + 8x + 15x + 20. Substituting 8x + 15x 


for 23x 
5. Factor by grouping as follows: 
6x? + 23x + 20 = 6x? + Bx + 15x + 20 
= 2x(3x + 4) + 5(3x + 4) Factoring by grouping; 


see Section 4.3 


= (3x + 4)(2x + 5). 


We could also split the middle term as 15x + 8x. We still get the same 
factorization, although the factors are in a different order: 


Gx? + 28x 20 = Gx? + bx + Be + 20 
= 3x(2x + 5) + 4(2x + 5) 
= (2x + 5)(3x + 4). 
6. Check: (3x + 4) (2x + 5) = 6x + 23x + 20. ) 


| Do Exercises 9 and 10. 


' EXAMPLE 5 Factor: 6x4 — 116x° — 80x2. 


1. First, factor out the largest common factor, if any. The expression 2x? is 
common to all three terms: 2x7(3x* — 58x — 40). 

2. Now, factor the trinomial 3x2 — 58x — 40. Multiply the leading coeffi- 
cient, 3, and the constant, —40: 3(—40) = —120. 


3. Next, try to factor —120 so that the sum of the factors is —58. Since the 
coefficient of the middle term, —58, is negative, the negative factor of 
—120 must have the larger absolute value. 


PAIRS OF 
FACTORS 


SUMS OF 
FACTORS 


PAIRS OF 
FACTORS 


SUMS OF 
FACTORS 


4. Split the middle term, —58x, as follows: —58x = 2x — 60x. 
5. Factor by grouping: 


3x* — 58x — 40 = 3x” + 2x — 60x — 40 Substituting 2x — 60x 


for —58x 


x(3x + 2) — 20(3x + 2) 
= (3x + 2)(x — 20). 


Factoring by grouping 


The factorization of 3x? — 58x — 40 is (3x + 2) (x — 20). But don’t forget 
the common factor! We must include it to get a factorization of the origi- 
nal trinomial: 


6x4 — 116x3 — 80x? = 2x2(3x + 2) (x — 20). 
6. Check: 2x#(3x + 2)(x — 20) = 2x2(3x2 — 58x — 40) 
= 6x4 — 116x3 — 80x?. ) 


Do Exercises 11 and 12. 


Factor by the ac-method. 
9. 4x2 + 4x — 3 


10. 4x2 + 37x + 9 


Factor by the ac-method. 
11. 10y4 — 7y? — 12y2 


12. 6a? — 7a? — 5a 


Answers 

9. (2x + 3)(2x-—1) 10. (4x + 1)(x + 9) 
ll. y?(5y + 4) (2y — 3) 

12. a(3a — 5) (2a + 1) 
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OO 
“~Momi Exercise Set 


(a) (b) Factor. 


PRACTICE WATCH DOWNLOAD READ REVIEW 


For Extra Help Py —— 
MyMathLab | “2 ob a 


1. 3x2 — 14x -— 5 2. 8x* — 6x — 9 3. 10y? + y? — 2ly 4. 6x3 + x2 — 12x 
5. 3c? = 20¢ + 32 6. 12b? — 8b + 1 7. 35y* + 34y + 8 8. 9a2 + 18a + 8 
9. 4t + 10t2 - 6 10. 8x + 30x” — 6 11. 8x? — 16 — 28x 12. 18x2 — 24 — 6x 
13. 18a — 5la + 15 14. 30a? — 85a + 25 15. 30¢2 + 85¢ + 25 16. 18y2 + 5ly + 15 
17. 12x3 — 31x? + 20x 18. 15x3 — 19x? — 10x 19. 14x4 — 19x? — 3x? 20. 70x4 — 68x3 + 16x? 
21. 3a*-a-4 22. 6a? — 7a — 10 23. 9x2 + 15x + 4 24, 6y? — y- 2 
25. 3 + 35z — 122? 26. 8 — 6a — 9a? 27. —4t? — 4t + 15 28. —12a2 + 7a — 1 
29. 3x3 — 5x2 — 2x 30. 18y3 — 3y? — loy 31. 24x? — 2 — 47x 32. 15y” — 10 — 15y 
33. —8¢5 — 812 + 30t 34, —36a> + 21a” - 3a 35. —24x3 + 2x + 47x2 36. —15y3 + 10y + 47y? 
37. 21x? + 37x + 12 38. 10y? + 23y + 12 39. 40x4 + 16x? — 12 40. 24y4 + 2y2 — 15 z 
a 
41. 12a* — 17ab + 6b? 42. 20p* — 23pq + 6q? 43. 2x? + xy — 6y? 44, 8m? — 6mn — 9n? os 
© 
= 
5 
rs} 
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45. 12x? — 58xy + 56y2 46. 30p? + 21pq — 36q? 


48. 4p? + 12pq + 9q? 49. 3x8 + 4x3 — 4 


51. Height ofa Thrown Baseball. Suppose that a baseball 
is thrown upward with an initial velocity of 80 ft/sec 
from a height of 224 ft. Its height h after t seconds is 
given by the function 

h(t) = —16¢? + 80¢ + 224. 
a) What is the height of the ball after 0 sec? 1 sec? 3 sec? 
4 sec? 6 sec? 
b) Find an equivalent expression for h(t) by factoring. 


y 
h(t) = —16t? + 80¢ + 224 


224 ft 


Skill Maintenance 


52. Fireworks. 


47. 9x? — 30xy + 25y? 


50. 2p8 + 1lp* + 15 


Suppose that a bottle rocket is launched 
upward with an initial velocity of 96 ft/sec and from 

a height of 880 ft. Its height h after t seconds is given by 
the function 


h(t) = —16t? + 96t + 880. 


a) What is the height of the bottle rocket after 0 sec? 
1 sec? 3 sec? 8 sec? 10 sec? 
b) Find an equivalent expression for h(t) by factoring. 


Solve. [3.5a] 

53. x+2y- z=0, 54. 2x+ yt 2z=5, 55. 2x + 9y + 6z = 5, 56. x — 3y + 2z = —-8, 
4x + 2y + 5z = 6, 4x — 2y — 3z = 5, X>- yr 2=4, 2x+3y+ z=17, 
28= yr Z=5 8x y Z2=-5 3x%.+ 2y + 32= 7 5x = 2y+ 32 = 5 

Determine whether the graphs of the given pairs of lines are parallel or perpendicular. [2.5d] 

57. y — 2x = 18, 58. 21x + 7 = —3y, 59. 2x + Sy = 4, 60. y+ x=7, 
2x-7=y y+ 7x =-9 2x — 5y= -3 y-x= 

Find an equation of the line containing the given pair of points. [2.6c] 


61. (—2, —3) and (5, —4) 62. (2, —3) and (5, —4) 


Synthesis 


65. fawa Use the TABLE and GRAPH features of a graphing 
calculator to check your answers to Exercises 2, 17, 


and 28. 


Factor. Assume that variables in exponents represent positive integers. 


67. 7a2b2 + 6 + 13ab 68. 2x4y® — 3x2y3 — 20 


70. 3p" — 2p + oe 71. x24 + 5x4 — 24 


63. (—10, 3) and (7, —4) 


66. fsa Use the TABLE and GRAPH features of a graphing 


calculator to check your answers to Exercises 4, 11, 
and 32. 


69. 9x2y? — 4 + Sxy 


72. 4x24 — 4x4 — 3 
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SKILL TO REVIEW 
Objective 4.2d: Use arule to 
multiply a sum and a difference 
of the same two terms. 
Multiply. 


1. (y — 3)(y + 3) 
2. (5x — 7) (5x + 7) 


1. Which of the following are 
trinomial squares? 
a) x7 + 6x4+9 
b) x? — 8x + 16 
c) x2 + 6x4 11 
d) 4x? + 25 — 20x 
e) 16x* — 20x + 25 
f) 16 + 14x + 5x2 
g) x2 + 8x — 16 
h) x? — 8x — 16 


Answers 


Skill to Review: 
l.y*-9 2. 25x — 49 


Margin Exercise: 
1. (a), (b), (d) 


In this section, we consider some special factoring methods. 


(a) Trinomial Squares 


Consider the trinomial x2 + 6x + 9. To factor it, we can use the method con- 
sidered in Section 4.4. We look for factors of 9 whose sum is 6. We see that 
these factors are 3 and 3 and the factorization is 


x* + 6x +9 = (x + 3)(x + 3) = (x + 3). 


Note that the result is the square of a binomial. We also call x2 + 6x + 9a 
trinomial square, or perfect-square trinomial. We can certainly use the proce- 
dures of Sections 4.4 and 4.5 to factor trinomial squares, but we want to develop 
an even faster procedure. 

How can we recognize when an expression to be factored is a trinomial 
square? Look at A? + 2AB + B? and A? — 2AB + B?. 


How to recognize a trinomial square: 


a) The two expressions A? and B? must be squares. 


b) There must be no minus sign before either A? or B?. 


c) Multiplying A and B (expressions whose squares are A? and B?) 
and doubling the result, 2 - AB, gives either the remaining term or 
its opposite, —2AB. 


' EXAMPLES Determine whether the polynomial is a trinomial square. 


1. x2 + 10x + 25 
a) Two terms are squares: x* and 25. 
b) There is no minus sign before either x? or 25. 


c) If we multiply the expressions whose squares are x* and 25, x and 5, 
and double the product, we get 10x, the remaining term. 


Thus this is a trinomial square. 


2. 4x + 16 + 3x2 


a) Only one term, 16, is a square (3x2 is nota square because 3 is nota 
perfect square and 4x is not a square because x is not a square). 


Thus this is not a trinomial square. 
3. 100y? + 81 — 180y 
(It can help to first write this in descending order: 100y* — 180y + 81.) 
a) Two of the terms, 100y2 and 81, are squares. 
b) There is no minus sign before either 100y? or 81. 


c) If we multiply the expressions whose squares are 100y? and 81, 10y 
and 9, and double the product, we get the opposite of the remaining 
term: 2(10y) (9) = 180y, which is the opposite of —180y. 


Thus this is a trinomial square. ) 


Do Margin Exercise 1. ] 
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The factors of a trinomial square are two identical binomials. We use the 
following equations. 


TRINOMIAL SQUARES 


A? + 2AB + B* = (A+ B)*; 
A? — 2AB + B* = (A — B)* 


EXAMPLE 4 Factor: x2 — 10x + 25. 


x? — 10x + 25 = (x-—5)* We find the square terms and write 
se, their square roots with a minus sign 
Note the sign! between them. 
EXAMPLE 5 Factor: 16y? + 49 + 56y. 


16y* + 49 + 56y = 16y2 + 56y + 49 _— Rewriting in descending order 


= (4y + 7)? We find the square terms and 
write their square roots witha 
plus sign between them. 
) 


EXAMPLE 6 Factor: —20xy + 4y* + 25x?. 
We have 


—20xy + 4y? + 25x? = 4y* — 20xy + 25x* — Writing descending order in y 
= (2y — 5x). 
This square can also be expressed as 


25x* — 20xy + 4y* = (5x — 2y)?. ) 


Do Exercises 2-5. 


In factoring, we must always remember to look first for the largest factor 
common to all the terms. 


EXAMPLE 7 Factor: 2x* — 12xy + 18y?. 


Always remember to look first for a common factor. This time the largest 
common factor is 2. 


2x? — 12xy + 18y? = 2(x* — 6xy + 9y”) Factoring out the common factor 2 
= 2(x — 3y)? Factoring the trinomial square 


EXAMPLE 8 Factor: —4y* — 144y8 + 48y’. 
—Ay? — 144y® + 48y 
= —4y?(1 + 36y® — 12y3) _ Factoring out the common factor —4y? 
= —4y*(1 — 12y3 + 36y®) Changing order 
= —4y*(1 — 6y3)2 Factoring the trinomial square 


| Do Exercises 6 and 7. 


Factor. 
2. x2 + 14x + 49 


3. 9y? — 30y + 25 


4. 16x? + 72xy + 81y2 


5. 16x4 — 40x2y3 + 25y6 


Factor. 
6. —8a2 + 24ab — 18b 


7. 3a2 — 30ab + 75b2 


Answers 
2. (x+ 7)? 3. (3y— 5)? 


2 


4. (4x + 9y)? 


5. (4x2 — 5y3)? 6. —2(2a — 3b)? 


7. 3(a — 5b)? 
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Factor. 
8. y2—4 


9. 49x4 — 25y19 


10. m2 — = 


Answers 
8. (y + 2) (y— 2) 


9. (7x2 + 5y°) (7x2 — 5y®) 


10. (m + 3)(m — 3) 
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| EXAMPLE 11 Factor: x* — ¥. 


(b) Differences of Squares 


The following are differences of squares: 
2-9, 49-4y?, a* — 49b2. 


To factor a difference of squares such as x* — 9, think about the formula we 
used in Section 4.2: 


(A + B)(A — B) = A? — B?, 


Equations are reversible, so we also know the following. 


FACTORING A DIFFERENCE OF SQUARES 


A? — B* = (A + B)(A- B) 


To factor a difference of squares A* — B*, we find A and B, which are 
square roots of the expressions A” and B?. We then use A and B to form two 
factors. One is the sum A + B, and the other is the difference A — B. 


! EXAMPLE 9 Factor: x2 — 9. 


A* — B? = (A + B)(A-B) 
vVvvy " v 


x? — 9 = x? — 3 = (x + 3)(x- 3) ) 


| EXAMPLE 10 Factor: 25y® — 49x?. 


AZ B= (A B)(A — B) 
V V Vv, evv 
25y® — 49x2 = (Sy)? — (7x)? = (Sy3 + 7x) (Sy? — 7x) ) 


ast (P= (x4 Y(e-3) 


Do Exercises 8-10. | 


Common factors should always be factored out. Factoring out common 
factors actually eases the factoring process because the type of factoring to be 
done becomes clearer. 


EXAMPLE 12 Factor: 5 — 5x7y®. 


There is acommon factor, 5. 


5 — 5x2y6 = 5(1 — x4yS) Factoring out the common factor 5 


5[ 12 — (xy3)?] Recognizing the difference of squares; 
x28 = (x1y3)4 = (xy3)2 
= 5(1 + xy3)(1 — xy?) _ Factoring the difference of squares 


) 
EXAMPLE 13 Factor: 2x4 — 8y?. 
There is acommon factor, 2. 
4 — gy4 = 2(x4 — 4y*) Factoring out the common factor 2 
= 2[(x*)* — (2p)? ] Recognizing the difference of squares 
= 2(x? + 2y?)(x* — 2y*) Factoring the difference of squares 
) 
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) EXAMPLE 14 Factor: 16x*y — 81y. 


There is a common factor, y. 


16x4y — 8ly = y(16x* — 81) Factoring out the common factor y 
= y[(4x?)* — 97] 
= y(4x2 + 9)(4x*-— 9) Factoring the difference of squares 
= 


4x? + 9)(2x + 3)(2x-— 3) Factoring 4x2 — 9, which is 
also a difference of squares 
) 


In Example 14, it may be tempting to try to factor 4x? + 9. Note that itis a 
sum of two expressions that are squares, but it cannot be factored further. Also 
note that one of the factors, 4x” — 9, could be factored further. Whenever that 
is possible, you should do so. That way you will be factoring completely. 


Caution! 


We cannot factor a sum of squares as the square of a binomial. In particular, 


4 Factor. 
At + BY # (At BY. 11. 25x2y? — 4a? 


Consider 25x? + 225. This is a case in which we have a sum of squares, but 
there is acommon factor, 25. Factoring, we get 25(x* + 9). Nowx* + 9 ere Me 


cannot be factored further. 
13. 20x? — 5y? 


| Do Exercises 11-14. 14. 81x4y? — 16y2 
(C) More Factoring by Grouping 


Sometimes when factoring a polynomial with four terms completely, we 
might get a factor that can be factored further using other methods we have 


learned. 
15. Factor: a3 + a” — 16a — 16. 


) EXAMPLE 15 Factorcompletely: x3 + 3x? — 4x - 12. 
x3 + 3x2 — 4x — 12 = x?(x + 3) — 4(x + 3) 
= (x +3)? =4) 


= (x + 3)(x + 2) (x — 2) ) 
Factor completely. 
Do Exercise 15. 16. x2 + 2x + 1— p? 
A difference of squares can have more than two terms. For example, one 17. y* — 8y + 16 — 9m? 


of the squares may be a trinomial. We can factor by a type of grouping. 


18. x2 + 8x + 16 — 100¢2 


) EXAMPLE 16 Factorcompletely: x? + 6x + 9 — y?. 
19. 64p* — (x? + 8x + 16) 


x? + 6x+9—-y* = (x*+6x+9)-—y?  Groupingasa 


trinomial minus y? 
to show a difference 
of squares Answers 
= (x a 3)? = y? 11. (5xy + 2a) (Sxy — 2a) 
12. (3x + 4y) (3x — 4y) 
=(x+3+y)(x+3-y) ) 13. 5(2x + y) (2x —y) 


14. y2(9x2 + 4) (3x + 2) (3x — 2) 
5 2 15. (a+ 1) (a+ 4)(a- 4) 
Do Exercises 16-19. 16. e+ Wes ba) 
17. (y— 4 + 3m) (y — 4 — 3m) 
18. (x + 4 + 10t) (x + 4 — 102) 


19. [8p + (x + 4)][8p — (x + 4)], or 
(8p + x + 4) (8p — x — 4) 
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Factor. 

20. x3 — 8 
21. 64 — y? 
Answers 


20. (x — 2) (x? + 2x + 4) 
21. (4 — y) (16 + 4y + y?) 


(d) Sums or Differences of Cubes 


We can factor the sum or the difference of two expressions that are cubes. 
Consider the following products: 
(A + B) (A? — AB + B*) = A(A2 — AB + B*) + B(A? — AB + B?) 
= A3 — A?B + AB? + A*B — AB? + BS 
= AB 4 B 


and (A-— B)(A* + AB + B?) = A(A* + AB + B*) — B(A? + AB + B?) 
= A3 + A?B + AB* — A?B — AB? — BS 
= AS — BS, 


The above equations (reversed) show how we can factor a sum or a difference 
of two cubes. Each factors as a product of a binomial and a trinomial. 


SUM OR DIFFERENCE OF CUBES 


A? + B® = (A + B)(A2 — AB + B?); 
A® — B3 = (A — B) (A? + AB + B?) 


Note that what we are considering here is a sum or a difference of cubes. 
We are not cubing a binomial. For example, (A + B)° is not the same as 
A? + B°. The table of cubes in the margin is helpful. 


EXAMPLE 17 Factor: x? — 27. 
We have 
AS = B 
VY 
x3 — 27 = x3 — 33, 


In one set of parentheses, we write the cube root of the first term, x. Then we 
write the cube root of the second term, —3. This gives us the expression x — 3: 


(x — 3) ( ). 
To get the next factor, we think of x — 3 and do the following: 


Square the first term: x - x = x?. 


Multiply the terms, x(—3) = —3x, and then 
change the sign: 3x. 
,— Square the second term: (—3)* = 9. 


renee ee 


(x — 3)(x* + 3x + 9). 
VvvY vv 


(A — B) (A* + AB + B?) 


Note that we cannot factor x2 + 3x + 9. Itis not a trinomial square nor can it 
be factored by trial and error. Check this on your own. 


Do Exercises 20 and 21. 
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' EXAMPLE 18 Factor: 125x? + y?. 
We have 
125x3 + y3 = (5x)3 + y?. 
In one set of parentheses, we write the cube root of the first term, 5x. Then we 


write a plus sign, and then the cube root of the second term, y. This gives us 
the expression 5x + y: 


(Sx + y)( ). 
To get the next factor, we think of 5x + y and do the following: 


Square the first term: (5x) (5x) = 25x?. 
a Multiply the terms, 5x - y = 5xy, and then 


change the sign: —5xy. 
Square the second term: y: y = y?. 
SS 
(5x + y) (25x? — Sxy + y?). 
Vvv y y Factor. 
(A+ B)( A2 — AB + B?) B 22. 27x3 + y3 


[Do Exercises 22 and 23. 23. 8y3 + z3 


) EXAMPLE 19 Factor: 128y’ — 250x®y. 
We first look for the largest common factor: 
128y’ — 250x%y = 2y(64y® — 125x®) 
= 2y[(4y7)? — (5x?)9] 
= 2y(4y2 — 5x) (16y4 + 20x2y2 + 25x4). ) 


) EXAMPLE 20 Factor: a® — b®. 
We can express this polynomial as a difference of squares: 


WORKED-OUT SOLUTIONS 


The Student’s Solutions Manual is 
a® — 8 = (a)? — (b3)?. an excellent resource if you need 
additional help with an exercise 
in the exercise sets. It contains 

a® — b® = (a3 + b) (a3 — b). step-by-step solutions to the odd- 
numbered exercises in each 
exercise set. 


We factor as follows: 


One factor is a sum of two cubes, and the other factor is a difference of two 
cubes. We factor them: 


a® — b® = (a + b) (a? — ab + b*)(a— b) (a* + ab + b?). 
We have now factored completely. ) 
In Example 20, had we thought of factoring first as a difference of two 
cubes, we would have had 
(a)3 _ (b?)8 - (a? _ b?) (a4 oy: a2b2 a b4) 
= (a+ b)(a — b)(a* + a2b? + b4). 


In this case, we might have missed some factors; a* + a*b? + b4 can be fac- 
tored as (a* — ab + b?)(a? + ab + b?), but we probably would not have 
known to do such factoring. 

When you can factor as a difference of squares or a difference of cubes, 
factor as a difference of squares first. 


Answers 


22. (3x + y) (9x2 — 3xy + y?) 
23. (2y + z) (4y?2 — 2yz + z) 
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' EXAMPLE 21 Factor: 64a® — 729b®. 
We have 
64a® — 729b§ = (8a3)* — (27b3)? 


= (8a> — 27b3) (8a* + 27b*) _ Factoring a difference 
of squares 


= [(2a)$ — (3b)3][ (2a)? + (3b)5]. 
Each factor is a sum or a difference of cubes. We factor each: 


= (2a — 3b) (4a2 + 6ab + 9b) (2a + 3b) (4a? — Gab + 9b”). 


FACTORING SUMMARY 

Sum of cubes: A® + B8 = (A + B) (A2 — AB + B?); 
Difference of cubes: A® — B® = (A — B)(A? + AB + B?); 
Difference of squares: A* — B? = (A + B)(A — B); 


25. 16x7y + 54xy’ Sum of squares: A? + B? cannot be factored as the square of 
a binomial: A? + B? # (A + B)?. 


Factor. 
24. m® — n® 


26. 729x® — 64y® 


27. x3 — 0.027 Do Exercises 24-27. | 


Answers 

24. (m + n)(m? — mn + n?)(m— n) (m? + mn + n?) 

25. 2xy(2x2 + 3y”) (4x4 — 6x2y2 + 9y4) 

26. (3x + 2y) (9x? — 6xy + 4y?) (3x — 2y) (9x? + 6xy + 4y?) 
27. (x — 0.3) (x2 + 0.3x + 0.09) 
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Visualizing 
for Success 


In each of Exercises 1-10, find two 
algebraic expressions from the list 
below for the shaded area of the figure. 


A. (5x + 2)2 
13x 


400 — 4x2 


. x2 — (x — 2y)? 


25x? + 20x + 4 


4(10 — x) (10 + x) 

(x — y) (x+y) 
. x? 4+ 2x41 

6x(14x — 5) — 3x(3x + 5) 
. x2 + 9x + 20 

(x — 2)? 


(x +4) (x + 5) 


B(x — Bye is = oe 2) oe = 8) 
Q. x? — 40 

R. 5x + 8x 

S. isx(oe=3) 


T. x*-4x+4 


Answers on page A-15 


For Extra Help 
MyMathLab |) 00" * & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


1.x2-—4x+4 2. y2 — 16y + 64 3. y2 + 18y + 81 
4, x2 + 8x + 16 5. x2 +14 2x 6. x2 + 1—- 2x 
7. 9y2 + 12y +4 8. 25x? — 60x + 36 9. —18y* + y? + 8ly 
10. 24a? + a> + 1444 11. 12a? + 36a + 27 12. 20y? + 100y + 125 
13. 2x? — 40x + 200 14, 32x* + 48x + 18 15. 1 — 8d + 16d? 
16. 64 + 25y? — 80y 17. 3a3 — 6a? + 3a 18. 5c> + 20c? + 20c 
19. 0.25x? + 0.30x + 0.09 20. 0.04x2 — 0.28x + 0.49 21. p* — 2pq + q 
22. m? + 2mn + n? 23. a* + 4ab + 4b? 24. 49p* — 14pq + q? 
25. 25a — 30ab + 9b? 26. 49p* — 84pq + 36q7 27. y® + 26y3 + 169 
28. p® — 10p? + 25 29. 16x19 — 8x5 +1 30. 9x19 + 12x5 + 4 
31. x4 + 2x2y2 + y4 32. p® — 2p%q* + 4 
(b) Factor. 
33. p? — 49 34. m? — 64 35. y* — By? + 16 
36. y4 — 18y2 + 81 37. p*q? — 25 38. a*b? — 81 s 
39. 6x? — 6y? 40. 8x? — 8y? 41. 4xy* — 4xz4 = 
42. 25ab4 — 25az4 43. 4a3 — 49a AA, 9x3 — 25x . 
P=] 
= 
Q 
8 
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45. 3x8 — 3y8 46. 2a° — 32a 47. 9a* — 25a*b4 48. 16x® — 121x2y4 


49. 3 — 2? 50. 75 — y? 51. 0.04x? — 0.09y? 52. 0.01x” — 0.04y2 


(c) Factor. 


53. m> — 7m? — 4m + 28 54. x3 + 8x2 —x- 8 55. a? — ab? — 2a? + 2p? 
56. p*q — 25q + 3p* — 75 57. (a + b)* — 100 58. (p — 7)* — 144 

59. 144 — (p — 8)? 60. 100 — (x — 4)? 61. a* + 2ab + b* - 9 
62. x? — 2xy + y? — 25 63. r?2 — 2r + 1 — 4s? 64. c* + 4cd + 4d* — 9p? 
65. 2m2 + 4mn + 2n2 — 50b2 66. 12x? + 12x + 3 — 3y? 

67. 9 — (a* + 2ab + b?) 68. 16 — (x? — 2xy + y?) 


(d) Factor. 


69. z° + 27 70. a2 + 8 71.x3 - 1 72. c3 — 64 


73. y> + 125 74.x3 +1 75. 8a3 +1 76. 27x32 + 1 
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77. 


81. 


85. 


89. 


93. 


97. 


101. 


105. 


109. 


64y3 + 1 


a> — b3 


2y? — 128 


rs? + 64r 


x3 + 0.001 


2y4 — 128y 


t& + 64y® 


g03 + a8 
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78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


p® — 27 


125x3 + 1 


3z3 — 3 


ab? + 125a 


y? + 0.125 


32° — 322 


27 


3 _ 43 
125% y 
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83. 


87. 


91. 


95. 


99. 


103. 


107. 


111. 


. 8 — 27b3 


8x3 + 27 


1 


oct gh 
avt+s 


24a3 + 3 


5x3 — 4023 


64x® — 86 


0.001x3 — 0.008y3 


80. 


84. 


88. 


92. 


96. 


100. 


104. 


108. 


112. 


64 — 125x3 


27y? + 64 


341 
b? + 3 


54x3 + 2 


2y3 — 54z3 


125c® — 8d®& 


tS +1 


a? + 64b9 


0.125r3 — 0.216s3 


Copyright © 2011 Pearson Education, Inc. 


Skill Maintenance 


Solve. [3.2a], [3.3a] 


113. 7x — 2y = -11, 114. y = 3x — 8, 115. x — y= -12, 116. 7x = 2y = =—11, 
2x + 7y = 18 4x — 6y = 100 x+y=14 2y = 7x.= =18 


Graph the given system of inequalities and determine coordinates of any vertices formed. [3.7c] 


117.x-y=5, 118.x-—y=5, 119.x -—y=5, 120.x-—y=5, 
ery = 3 Key = 3) Key 3} xty=3 
x=6 x21 


Given the line and a point not on the line, find an equation through the point parallel to the given line, and find an equation 
through the point perpendicular to the given line. [2.6d] 


121. x — y = 5; (—2, —4) 122. 2x — 3y = 6; (1, -7) 123. y = —$x + 3;(4,5) 124. x — 4y = —10; (6,0) 
Synthesis 
125. Given that P(x) = x3, use factoring to simplify 126. Given that P(x) = x4, use factoring to simplify 
P(a + h) — P(a). P(a + h) — P(a). 
127. Volume of Carpeting. The volume ofa carpet that 128. Show how the geometric model below can be used to 
is rolled up can be estimated by the polynomial verify the formula for factoring a? — b°. 


awR2h — wr2h. 


a) Factor the polynomial. 

b) Use both the original form and the factored form 
to find the volume of a roll for which R = 50cm, 
r= 10cm, andh = 4m. Use3.14 for 7. 


Factor. Assume that variables in exponents represent positive integers. 


129. 5c!00 — goq100 130. 9x2” — 6x? +1 131. x64 + 3? 132. a3x3 — pry3 
133. 3x94 + Bays” 134. 529 + Zy? 135. Ax3y3 + 323 136. 7x3 — { 
137. (x + y)3 — x8 138. (1 — x)? + (x — 1)§ 139. (a + 2)? — (a - 2) 140. y4 — 8y3 —y +8 
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STUDY TIPS 


READING EXAMPLES 


A careful study of the examples 
in these sections on factoring is 
critical. Read them carefully to 
ensure success! 


(a) A General Factoring Strategy 


Factoring is an important algebraic skill, used for solving equations and many 
other manipulations of algebraic symbolism. We now consider polynomials 
of many types and learn to use a general strategy for factoring. The key is to 
recognize the type of polynomial to be factored. 


A STRATEGY FOR FACTORING 


a) Always look for a common factor (other than 1 or —1). If there are 
any, factor out the largest one. 


b) Then look at the number of terms. 


Two terms: Try factoring as a difference of squares first. Next, try 
factoring as a sum or a difference of cubes. Do not try to factor a 
sum of squares: A? + B?. 


Three terms: Determine whether the expression is a trinomial 
square. If it is, you know how to factor. If not, try the trial-and-error 
method or the ac—method. 


Four or more terms: Try factoring by grouping and removing a com- 


mon binomial factor. Next, try grouping into a difference of squares, 
one of which is a trinomial. 


c) Always factor completely. If a factor with more than one term can be 
factored, you should factor it. 


d) Always check by multiplying. 


EXAMPLE 1 Factor: 10a2x — 40b2x. 
a) We look first for a common factor: 
10x(a? — 4b?). _ Factoring out the largest common factor 
b) The factor a* — 4b? has only two terms. It is a difference of squares. We 
factor it, keeping the common factor: 10x(a + 2b) (a — 2b). 


c) Have we factored completely? Yes, because none of the factors with more 
than one term can be factored further using polynomials of smaller 
degree. 


d) Check: 10x(a + 2b) (a — 2b) = 10x(a* — 4b”) = 10xa? — 40xb2, or 
10a*x — 40b?x. 


EXAMPLE 2 Factor: x® — y®, 


a) We look for a common factor. There isn’t one (other than 1 or —1). 


b) There are only two terms. It is a difference of squares: (x)? — (y3)*. We 
factor it: (x3 + y%) (x3 — y3). One factor is a sum of two cubes, and the 
other factor is a difference of two cubes. We factor them: 


x8 — y® = (x3 + y8) (x? — y3) 


= (x + y) (x2 — xy + y?) (x — y) (x? + xy + y?). 
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c) We have factored completely because none of the factors can be factored 
further using polynomials of smaller degree. 


d) Check: (x + y) (x? — xy + y?)(x — y) (x2 + xy + y?) 
= (x3 + y9) (x3 — y3) 
Se P= aa ay } 2. 7a3 — 7 


Do Exercises 1-3. 3. 64x® — 7298 


Factor completely. 
1. 3y3 — 12x?y 


EXAMPLE 3 Factor: 10x® + 40y?. 


a) We remove the largest common factor: 10(x® + 4y?). 


b) In the parentheses, there are two terms, a sum of squares, which cannot be 


factored. 
c) We have factored 10x® + 40y? completely as 10(x® + 4y?). 
d) Check: 10(x® + 4y2) = 10x® + 40y?. / 


EXAMPLE 4 Factor: 2x? + 50a — 20ax. 


a) We remove the largest common factor: 2(x* + 25a? — 10ax). 

b) In the parentheses, there are three terms. The trinomial is a square. We 
factor it: 2(x — 5a)*. 

c) None of the factors with more than one term can be factored further. 

d) Check: 2(x — 5a)? = 2(x2 — 10ax + 25a”) = 2x* — 20ax + 50a2, or 
2x* + 50a? = 20ax. 


EXAMPLE 5 Factor: 6x2 — 20x — 16. 


a) We remove the largest common factor: 2(3x? — 10x — 8). 


b) In the parentheses, there are three terms. The trinomial is not a square. We 
factor: 2(x — 4) (3x + 2). 


c) We cannot factor further. 
d) Check: 2(x — 4) (3x + 2) = 2(3x* — 10x — 8) = 6x? — 20x — 16. 


EXAMPLE 6 Factor: 3x + 12 + ax* + 4ax. 
a) There is no common factor (other than 1 or —1). 
b) There are four terms. We try grouping to remove a common binomial factor: 
3(x + 4) + ax(x + 4) Factoring two grouped binomials 
= (x + 4)(3 + ax). Factoring out the common binomial factor 
c) None of the factors with more than one term can be factored further. 


d) Check: (x + 4)(3 + ax) = 3x + ax* + 12 + 4ax, or 
3x + 12 + ax* + 4ax. ) 


Answers 

1. 3y(y + 2x) (y — 2x) 

2. 7(a — 1) (a2 +a +1) 

3. (2x + 3y) (4x2 — 6xy + 9y?) 
(2x — 3y) (4x2 + 6xy + 9y?) 
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Factor. 
4. 3x — 6 — bx? + 2bx 


5. 5y* + 20x 

6. 6x2 — 3x — 18 

7. a> — ab? — a*b + b? 
8. 3x2 + 18ax + 27a? 


9. 2x2 — 20x + 50 — 18b2 


Answers 


4. (x — 2) (3 — bx) 
6. 3(x — 2) (2x + 3) 


8. 3(x + 3a)? 9. 2(x — 5 + 3b) (x — 5 — 3b) 
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5. 5(y* + 4x8) 
7. (a — b)*(a + b) 


) EXAMPLE 7 Factor: y* — 9a? + 12y + 36. 


a) There is no common factor (other than 1 or —1). 


b) There are four terms. We try grouping to remove a common binomial fac- 
tor, but that is not possible. We try grouping as a difference of squares: 


(y? + 12y + 36) — 9a” = (y + 6)? — (3a)? 
= (y+ 6+ 3a)(y + 6 — 3a). Factoring the 
difference of 
squares 


c) No factor with more than one term can be factored further. 
d) Check: (y+6+ 3a)(y + 6 — 3a) = [(y + 6) + 3a][(y + 6) — 3a] 
= (y + 6)? — (3a)? 
= y* + 12y + 36 — 9a”, or 
y* — 9a2 + 12y + 36. ) 


EXAMPLE 8 Factor: x3 — xy? + xy — y?. 


a) There is no common factor (other than 1 or —1). 
b) There are four terms. We try grouping to remove a common binomial 
factor: 


x(x? — y?) + y(x* — y*) Factoring two grouped binomials 
= (x? — y?) (x + y). 


c) The factor x? — y? can be factored further, giving 


Factoring out the common binomial factor 


(x+y)(x—y)(x+y). Factoring a difference of squares 


None of the factors with more than one term can be factored further, so we 
have factored completely. 
d) Check: (x + y)(x—y)(x+y) = (x? -y*)(x+y) 
= x3 + x2y — yx — y3,or 
x3 — xy? + x*y — y?. ) 


Do Exercises 4-9. | 


Polynomials and Polynomial Functions 


: For Extra Help Pa EB. q — >» 
Exercise Set MyMathLab |) 2%! Ee ws 
3. 2x2 + llx + 12 4. 8a2 + 18a — 5 
8. a2 + 49 + 14a 


(a) Factor completely. 
1. y? — 225 2. x2 — 400 
5. 5x* — 20 6. 3xy2 — 75x 7. p2 + 36 + 12p 
9. 2x — 10x — 132 10. 3y2 — 15y — 252 11. 9x2 — 25y? 12. 16a” — 81b2 
13. 4m* — 100 14. 2x? — 288 15. 6w? + 12w — 18 16. 8z — 8z — 16 
17. 2xy? — 50x 18. 3a°b — 108ab 19. 225 — (a — 3)? 20. 625 — (t — 10)? 
21. m6 - 1 22. 64t® - 1 23. x2 + 6x — y2 +9 24, t? + 10t — p* + 25 
25. 250x3 — 128y3 26. 27a> — 343b 27. 8m? + m® — 20 28. —37x2 + x4 + 36 
29. ac + cd — ab — bd 30. xw — yw + xz — yz 31. 50b2 — 5ab — a2 32. 9c2 + 12cd — 5d 

33. —7x2 + 2x3 + 4x - 14 34. 9m? + 3m3 + 8m + 24 35. 2x3 + 6x2 — Bx — 24 36. 3x3 + 6x2 — 27x — 54 
38. 250a? + 54b° 39. Gy — 60x2y — Oxy 40. 2b — 28a*b + 10ab 

43. a°b — 16ab3 44, x3y — 25xy3 


37. 16x? + 54y3 
385 


42, 2x4 — 32 
4.7 Factoring: A General Strategy 


41. a® — b8 


45. 


49. 


53. 


1px? — gxy? + Gy’ 46. 36x? + 15x + 2 


42ab + 27a7b2 + 8 


50. —23xy + 20x2y? + 6 


a* — b*? - 6b-9 54. m2 — n2 — 8n — 16 


Skill Maintenance 


Solve. 
57. 


[3.2b] 


Exam Scores. There are 75 questions on a college 
entrance examination. Two points are awarded for each 
correct answer, and one half point is deducted for each 
incorrect answer. A score of 100 indicates how many 
correct and how many incorrect answers, assuming that 
all questions are answered? 


Synthesis 


Factor. Assume that variables in exponents represent natural numbers. 
59. 60. 
61. 
63. 
65. 
67. 
69. 


71. 
73. 


75. 


30y4 — 97xy* + 60x? 
5 
5 = 
(g= py =p? 
yoy? =G= 1) 
4x? + 4xy + y? — r? + 6rs — 9s2 
c2wtl 4+ acwrl +c¢ 
3(x + 1)? + 9(x +1) - 12 
x®— 2x5 + x4-— x2 4+ .2x-1 
yy-y 
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47. 


51. 


55. 


58. 


62. 
64. 
66. 
68. 
70. 
72. 


74. 1 


76. 


5x3 — 5x2y — 5xy2 + 5y3 48. a® — ab* + a*b — b3 


8y* — 125y 52. 64p4 — p 


q* — 10q + 25 — r2 56. y* — 14y + 49 — 2? 


Perimeter. A pentagon with all five sides the same 
length has the same perimeter as an octagon with all 
eight sides the same length. One side of the pentagon is 
2 less than three times the length of one side of the 
octagon. Find the perimeters. 


a b 


3x2y2z + 25xyz? + 2823 


3. 9 
oy 1000 


s® — 72916 
27x85 + 64y3! 
c4d4 = qi6 
24x24 — 6 
8(a — 3)? 
x27 


~ 1000 


64(a 


(m — 1)3 — (m+ 1)8 
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Whenever two polynomials are set equal to each other, we have a polynomial 
equation. Some examples of polynomial equations are 


4x3 + x2 + 5x = 6x — 3, 


2 


Ko = K=O; 


and 3y4+ 2y7+2=0. 


A second-degree polynomial equation in one variable is often called a 
quadratic equation. Of the equations listed above, only x* — x = 6is a 
quadratic equation. 

Polynomial equations, and quadratic equations in particular, occur 
frequently in applications, so the ability to solve them is an important skill. 
One way of solving certain polynomial equations involves factoring. 


(a) The Principle of Zero Products 


When we multiply two or more numbers, if either factor is 0, then the prod- 
uct is 0. Conversely, if a product is 0, then at least one of the factors must be 0. 
This property of 0 gives us a new principle for solving equations. 


THE PRINCIPLE OF ZERO PRODUCTS 


For any real numbers a and b: 


If ab = 0, then a = 0 or b = 0 (or both). 
Ifa = Oorb = 0, then ab = 0. 


To solve an equation using the principle of zero products, we first write 
it in standard form: with 0 on one side of the equation and the leading co- 
efficient positive. 


EXAMPLE 1 Solve: x2 — x = 6. 


In order to use the principle of zero products, we must have 0 on one side 
of the equation, so we subtract 6 on both sides: 
x? -—x-6=0. Getting 0 on one side 
We need a factorization on the other side, so we factor the polynomial: 
(x — 3)(x+2)=0. Factoring 


We now have two expressions, x — 3 and x + 2, whose product is 0. Using the 

principle of zero products, we set each expression or factor equal to 0: 
x-3=0 or x+2=0. Using the principle of zero products 

This gives us two simple linear equations. We solve them separately, 
x=3 or x=-2, 


and check in the original equation as follows. 


SKILL TO REVIEW 
Objective 4.3a: Factor polynomials 
whose terms have a common factor. 
Factor. 

1. x2 + 20x 

2. 3y* — 6y 


Answers 


Skill to Review: 
1. x(x + 20) 


2. 3y(y — 2) 
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2 


Check: x2-—x= x27 -—x=6 
37-376 (—2)* — (-2) 26 
9-3 4+2 
6 TRUE 6 TRUE 
The numbers 3 and —2 are both solutions. ) 


To solve an equation using the principle of zero products: 
1. Obtain a 0 on one side of the equation. 
2. Factor the other side. 
3. Set each factor equal to 0. 
4. Solve the resulting equations. 


1. Solve: x2 + 8 = 6x. Do Exercise 1. 


When you solve an equation using the principle of zero products, you 
may wish to check by substitution as we did in Example 1. Such a check will 
detect errors in solving. 


Caution! 


When we are using the principle of zero products, it is important that there 
is a0 on one side of the equation. If neither side of the equation is 0, the 
procedure will not work. 

For example, consider x* — x = 6 in Example 1 as 


x(x — 1) =6. 
Suppose we reasoned as follows, setting factors equal to 6: 
x=6 or x-1=6 This step is incorrect! 
x= ls 


Neither 6 nor 7 checks, as shown below: 


x(x- 1) =6 x(x-1)=6 
se sais 
6(6- 1) 26 7(7-1) 26 
6(5) 7(6) 
30 FALSE 42 FALSE 


) EXAMPLE 2 Solve: 7y + 3y? = —2. 
Since there must be a 0 on one side of the equation, we add 2 to get 0 on 
the right-hand side and arrange in descending order. Then we factor and use 
the principle of zero products. 


7y + 3y? = -2 
3y7 + 7y+2=0 Getting 0 on one side 
(3y + 1)(y+ 2) =0 Factoring 


3y+1=0 or y+t2=0 Using the principle of 


2. Solve: 5y + 2y? = 3. zero products 
Y=7-3 Or y= -2 


The solutions are —3 and —2. ) 


Answers . 
Do Exercise 2. 


1 
eae 2, 3 
2 
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' EXAMPLE 3 Solve: 5b? = 10b. 


5b? = 10b 
5b* — 10b = 0 Getting 0 on one side 
5b(b — 2) =0 Factoring 
5b=0 or b-2=0 Using the principle of zero products 
b=0 or b=2 
The solutions are 0 and 2. ) 


Do Exercise 3. 3. Solve: 8b2 = 16b. 


' EXAMPLE 4 Solve: x2 — 6x + 9 = 0. 


x*-6x+9=0 Getting 0 on one side 
(x — 3)(x - 3) =0 Factoring 
x—-3=0 or x-3=0 Using the principle of zero products 
x=3 or x=3 
There is only one solution, 3. ) 


Do Exercise 4. 4. Solve: 25 + x2 = —10x. 


' EXAMPLE 5. Solve: 3x° — 9x2 = 30x. 


3x3 — 9x2 = 30x 


3x3 — 9x2 — 30x = 0 Getting 0 on one side 
3x(x* — 3x — 10) =0 Factoring out a common factor 
3x(x + 2) (x — 5) =0 Factoring the trinomial 


3x=0 or x+2=0 or x-5=0 Using the principle of 
zero products 


x=0 or x=-2 or x=5 


The solutions are 0, —2, and 5. D 


Do Exercise 5. 5. Solve: x3 + x? = 6x. 


| EXAMPLE 6 Given that f(x) = 3x? — 4x, find all values of x for which 
f(x) =4. 
We want all numbers x for which f(x) = 4. Since f(x) = 3x? — 4x, we 
must have 
3x2 — 4x = 4 Setting f(x) equal to 4 
3x2 —- 4x -4=0 Getting 0 on one side 
(3x + 2)(x-—2)=0 Factoring 
3x+2=0 or x-2=0 


x= —2 or x= 2. 
We can check as follows. 6. Given that f(x) = 10x? + 13x, 
find all values of x for which 
2 2)\2 2 448 24,8_2R ; 

f(ma) Sieg? alg) = 8e5 es =5ti- 3 = 4 f(x) = 3. 

f(@@) = 3(2) — 4(2) =3+4-8=12-8=4 
To have f(x) = 4, we must have x = —{ orx = 2. } 

Answers 


Do Exercise 6. 
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7. Find the domain of the 
function Gif 


Dae = 8) 


Es) > jj, 
() ee = Bye = 


8. Consider solving the equation 
yee te eS = © 
graphically. 
a) Below is the graph of 
f(x) = x2 — 6x + 8. 


Use only the graph to find the 
x-intercepts of the graph. 


b) Use only the graph to find the 
solutions of x* — 6x + 8 = 0. 


c) Compare your answers to 
parts (a) and (b). 


Answers 


7. {x|x is areal number and x # —4 and x # 7} 

8. (a) (2,0) and (4, 0); (b) 2, 4; (c) The solutions of 
x? — 6x + 8 = 0,2 and 4, are the first coordinates 
of the x-intercepts, (2, 0) and (4, 0), of the graph 
of f(x) = x2 — 6x + 8. 


EXAMPLE 7 Find the domain of Fif F(x) = Mas 


x2 + 2x - 15° 
The domain of F is the set of all values for which 
Stee 
x2 + 2x — 15 


is a real number. Since division by 0 is undefined, F(x) cannot be calculated 
for any x-value for which the denominator, x* + 2x — 15, is 0. To make sure 
these values are excluded, we solve: 


x24+2x-15=0 Setting the denominator equal to 0 
(x — 3)(x+5)=0 Factoring 
x-3=0 or x+5=0 
x=3 or x= —5. These are the values to exclude. 


The domain of Fis {x|x is areal number and x # —5 and x # 3}. ) 


Do Exercise 7. 


Ox Algebraic-Graphical Connection 


We now consider graphical connections with the algebraic equation- 
solving concepts. 

In Chapter 2, we briefly considered the graph of a quadratic 
function f(x) = ax* + bx + c,a # 0. For example, the graph of the 
function f(x) = x” + 6x + 8 and its x-intercepts are shown below. 


fi) =x? + 6x+8 J 


x-intercepts: 
(—4, 0), (—2, 0) 


The x-intercepts are (—4, 0) and (—2, 0). These pairs are also the 
points of intersection of the graphs of f(x) = x? + 6x + 8 and g(x) = 0 
(the x-axis). 

In this section, we began studying how to solve quadratic equa- 
tions like x* + 6x + 8 = 0 using factoring: 

x? + 6x+8=0 
(x + 4)(x + 2) =0 Factoring 
x+4=0 or x+2=0 Principle of zero products 
x=-4 or x= -2. 


We see that the solutions of 0 = x? + 6x + 8, —4 and —2, are the first 
coordinates of the x-intercepts, (—4, 0) and (—2, 0), of the graph of 
f(x) =x? + 6x + 8. 


x 


Do Exercise 8. 


390 CHAPTER 4 _ Polynomials and Polynomial Functions 


= Calculator Corner 


Solving Quadratic Equations We can solve quadratic equations graphically. Consider the equation x* — x = 6. 
First, we must write the equation with 0 on one side. To do this, we subtract 6 on both sides of the equation. We get xt — x — 6 = 0. 
Next, we graph y = x* — x — 6 ina window that shows the x-intercepts. The standard window works well in this case. 


The solutions of the equation are the values of x for which x — x — 6 = O. These are also the first coordinates of the x-intercepts 
of the graph. We use the zero feature from the CALC menu to find these numbers. To find the solution corresponding to the leftmost 
x-intercept, we first press QE C< ) @) to select the Zero feature. The prompt “Left Bound?” appears. We use the © or the () key to 
move the cursor to the left of the intercept and press GU. Now, the prompt “Right Bound?” appears. We move the cursor to the right of 
the intercept and press Giugp. Next, the prompt “Guess?” appears. We move the cursor close to the intercept and press GGgp again. We 
now see the cursor positioned at the leftmost x-intercept and the coordinates of that point, x = —2, y = 0, are displayed. Thus, 
x¢ — x — 6 = Owhenx = —2. This is one solution of the equation. 

We repeat this procedure to find the first coordinate of the other x-intercept. We see that x = 3 at that point. Thus the solutions of 
the equation are —2 and 3. 


This equation could also be solved by entering y) = x* — x and y> = 6 and finding the first coordinate of the points of intersection 
using the INTERSECT feature as described on p. 246. 


yy, =x? - x, yy =6 yy, =x? - x, yo =6 
10 10 


Intersection Intersection 
X=72 X=3 


Exercise: 


1. Solve the equations in Examples 2-5 graphically. Note that, regardless of the variable used in an example, each 
equation should be entered on the equation-editor screen in terms of x. 
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&, 


STUDY TIPS 
SKILL MAINTENANCE 
EXERCISES 


It is never too soon to begin review- 
ing for the final examination. The 
Skill Maintenance exercises found 
in each exercise set review and 
reinforce skills taught in earlier 
sections. Include all of these exer- 
cises in your weekly preparation. 
Answers to both odd-numbered 
exercises and even-numbered 
exercises, along with section 
references, appear at the back of 
the book. 


(b) Applications and Problem Solving 


Some problems can be translated to quadratic equations. The problem- 
solving process is the same one we use for other kinds of applied problems. 


EXAMPLE 8 Prize Tee Shirts. During intermission at sporting events, 
team mascots commonly use a powerful slingshot to launch tightly rolled tee 
shirts into the stands. The height h(t), in feet, of an airborne tee shirt t sec- 
onds after being launched can be approximated by 


h(t) = —15t? + 75t + 10. 


After peaking, a rolled-up tee shirt is caught by a fan 70 ft above ground level. 
How long was the tee shirt in the air? 


1. Familiarize. We make a drawing and label it, using the information 
provided (see the figure). We could evaluate h(t) for a few values of t. 
Note that ¢ cannot be negative, since it represents time from launch. 


ho)» 


h() = —15t? + 75t+ 10 


“7 t 
t 


2. Translate. The function is given. Since we are asked to determine how 
long it will take for the shirt to reach someone 70 ft above ground level, 
we are interested in the value of t for which h(t) = 70: 


=15t* + 75% + 10 = 70. 
3. Solve. We solve by factoring: 


—15t2 + 75t + 10 = 70 
15t? + 75t — 60 =0 
15(t# — 5¢+ 4) =0 
15(t — 4)(t- 1) =0 
t-—4=0 or t-1=0 
t=4 or t=1. 


Subtracting 70 


Factoring 


The solutions appear to be 4 and 1. 
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4. Check. We have 
9. Motorcycle Stunt. In filming a 
h(4) =-15- 42 + 75:44+ 10 = 240 + 300 + 10 = 70 ft; movie, astunt double on a mo- 
h(1) = -15- 12+ 75-1+10=—15 + 75 + 10 = 70ft. torcycle must jump over a group 
of trucks that are lined up side 
Both 1 and 4 check, as we can also see from the graph below. by side. The height h(t), in feet, 


of the airborne bike t seconds 
YA h(t) = —15t2 +75t +10 after leaving the ramp can be 
approximated by 
h(t) = —16¢7 + 60¢. 
After how long will the bike 
reach the ground? 


However, the problem states that the tee shirt is caught on 
the way down from its peak height. Thus we reject the 
solution | since that would indicate when the height of the z ri “al 
tee shirt was 70 ft on the way up. 2 18/0 


» 1 


5. State. The tee shirt was in the air for 4 sec. ) 


Do Exercise 9. 


The following example involves the Pythagorean theorem, 
which relates the lengths of the sides of a right triangle. A right 
triangle has a 90°, or right, angle, which is denoted by a 
symbol like |. The longest side, opposite the 90° angle, is called the 
hypotenuse. The other sides, called legs, form the two sides of the 
right angle. 


THE PYTHAGOREAN THEOREM 


The sum of the squares of the lengths , 

of the legs of a right triangle is equal a 
to the square of the length of the (dq 
hypotenuse: b 


a? + b? = c?, 


Answer 


9. The bike will reach the ground in 3 sec. 
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' EXAMPLE 9 Carpentry. In order to build a deck at a right angle to her 
lake house, Geri decides to plant a stake in the ground a precise distance from 
the back wall of her house. This stake will combine with two marks on the 
house to form a right triangle. From a course in geometry, Geri remembers 
that there are three consecutive integers that can work as sides of a right 
triangle. Find the measurements of that triangle. 


1. Familiarize. Recall that x,x + 1, and x + 2 can be used to represent 
three unknown consecutive integers. Since x + 2 is the largest number, it 
must represent the hypotenuse. The legs serve as the sides of the right 
angle, so one leg must be formed by the marks on the house. We make a 
drawing in which 


= the distance between the marks on the house, 


x + 1 = the length of the other leg, 


and 


x + 2 = the length of the hypotenuse. 


10. Child’s Block. The lengths of 2. Translate. Applying the Pythagorean theorem, we translate as follows: 


is tee at eas a+b =c2 
ormed by a child’s wooden 2 2 2 
block are such that one leg has xe + (x + 1) = (x + 2)°, 


length 5 cm. The lengths of the 3. Solve. We solve the equation as follows: 
other sides are consecutive 
integers. Find the lengths of the x2 + ee + 2x + 1) =x2+4x+4 Squaring the binomials 
other sides of the triangle. 2x2 4+ 2x+1=x2+4x+4 Collecting like terms 
x2 -2x-3=0 Subtracting x2 + 4x + 4 
(x — 3)(x +1) =0 Factoring 
x-3=0 or x+1=0 
x=3 or x=-l. 


4. Check. The integer —1 cannot be a length of a side because it is nega- 
tive. For x = 3, we have x + 1 = 4, and x + 2 = 5. Since 3% + 4? = 52, 
the lengths 3, 4, and 5 determine a right triangle. Thus, 3, 4, and 5 check. 

5. State. Geri should use a triangle with sides having a ratio of 3:4:5. 
Thus, if the marks on the house are 3 yd apart, she should locate the stake 
at the point in the yard that is precisely 4 yd from one mark and 5 yd from 
the other mark. ) 


Do Exercise 10. 


Answer 
10. 12cm and 13cm 
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1. Car Travel. Two cars leave 


town at the same time going in 
different directions. One travels 
50 mph and the other travels 

55 mph. In how many hours will 
they be 200 mi apart? 


. Mixture of Solutions. Solution 
Ais 27% alcohol and solution B 
is 55% alcohol. How much of 
each should be used in order to 
make 10 L of a solution that is 
48% alcohol? 


. Triangle Dimensions. The base 
of a triangle is 3 cm less than the 
height. The area is 27 cm?. Find 
the height and the base. 


. Three Numbers. The sum of 
three numbers is 38. The first 
number is 3 less than twice the 
second number. The second 
number minus the third 
number is —7. What are the 
numbers? 


. Supplementary Angles. Two 
angles are supplementary. One 
angle measures 27° more than 
three times the measure of the 
other. Find the measure of each 
angle. 


Translating 
for Success 


Translate each word problem to an 


equation or a system of equations and 


select a correct translation from 
equations A- Q. 


A. x+y+Z= 38, 
x = 2y — 3, 
y-z=-7 


. 3x(x — 3) = 27 


. x + y= 180, 
x = 3y — 27 


D. x? + 36 = (x + 4)? 
E. x* + (x + 4)* = 36 


x+y= 10, 
0.27x + 0.55y = 4.8 


~xt+ y= 45, 
10x — 7y = 402 


~-x+y+z= 180, 
y — 3x — 38 = 0, 
x-Z=7 


x+y = 90, 
x = 3y+ 10 


x + 29.3%Xx = 77.2 


~_x+y+Zz= 38, 
x — 2y = 3, 
xXx-zZz=-7 


. xt+y= 10, 
27x + 55y = 4.8 


. 55x — 50x = 200 
. x2 — 3x = 27 


» x + y= 45, 
7x + 10y = 402 


x + y = 180, 
x = 3y + 27 


Q. 50x + 55x = 200 


Answers on page A-16 


6. Triangle Dimensions. The 


length of one leg of a right 
triangle is 6 m. The length of the 
hypotenuse is 4 m longer than 
the length of the other leg. Find 
the lengths of the hypotenuse 
and the other leg. 


. Pizza Sales. Todd’s fraternity 


sold 45 pizzas over a football 
weekend. Small pizzas sold for 
$7 each and large pizzas for 
$10 each. The total amount of 
the sales was $402. How many 
of each size pizza were sold? 


8. Angle Measures. The second 


angle of a triangle measures 

38° more than three times the 
measure of the first. The measure 
of the third angle is 7° less than 
the first. Find the measures of 
each angle of the triangle. 


. Complementary Angles. Two 


angles are complementary. One 
angle measures 10° more than 
three times the measure of the 
other. Find the measure of each 
angle. 


. Life Expectancy. Life expec- 


tancy in the United States was 
77.2 yr in 2002. This was a 29.3% 
increase from the life expectancy 
in 1930. What was the life expec- 
tancy in 1930? 

Source: National Center for Health Statistics 


: For Extra Help E.. q — ip 
4. 8 Exe rc I S e Set MyMathLab [| | tence WATCH DOWNLOAD — 4) 


(a) Solve. 


1. x2 + 3x = 28 2. y* — 4y = 45 3. y2 + 9 = by 4.r2+4=4r 

5. x2 + 20x + 100 = 0 6. y2 + 10y + 25 =0 7. 9x + x2 + 20 =0 8. 8y + y2+15=0 
9. x2 + 8x = 0 10. t? + 9t = 0 11. x* — 25 =0 12. p? — 49 =0 

13, 2° = 144 14, y* = 64 15. y* + 2y = 63 16. a* + 3a = 40 

17. 32 + 4x — x2 =0 18. 27 + 6t — 12 =0 19. 3b7 + 8b +4=0 20. 9y2 + 15y+4=0 
21. 8y? - loy+3=0 22. 4x2 + 1lx+6=0 23. 6z — 27 =0 24. 8y — y2 =0 

25. 12z4+z=6 26. 6x? — 7x = 10 27. 7x2 -7=0 28. 4y? — 36 = 0 

29. 10 — r— 21r2 =0 30. 28 + 5a — 12a =0 31. 15y2 = 3y 32. 18x* = 9x 

33. 14 = x(x — 5) 34, x(x — 5) = 24 35. 2x3 — 2x* = 12x 36. 50y + 5y? = 35y2 
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37. 


41. 


45. 


47. 


49. 


2x3 = 128x 38. 147y = 3y3 


(a — 4)(a + 4) = 20 42, (t — 6) (t+ 6) = 45 


Given that f(x) = x? + 12x + 40, find all values of x 
such that f(x) = 8. 


Given that g(x) = 2x? + 5x, find all values of x such 
that g(x) = 12. 


Given that h(x) = 12x + x?, find all values of x such 
that h(x) = —27. 


39. ¢4 — 2617 + 25=0 40. x4 — 13x2 + 36 =0 


43. x(5 + 12x) = 28 44. a(1 + 21a) = 10 


46. Given that f(x) = x2 + 14x + 50, find all values of x 
such that f(x) = 5. 


48. Given that g(x) = 2x* — 15x, find all values of x such 
that g(x) = —7. 


50. Given that h(x) = 4x — x?, find all values of x such 
that h(x) = —32. 


Find the domain of the function f given by each of the following. 


3 2 x 
51. f(x) = ——-—_ 52. f(x) = ——__ 53. f(x) = —~———_ 
fx) x*-—4x-—5 fx) x*-—7x+6 fx) 6x2 — 54 
2x X- 5 1+x 
54. f(x) = —.————_- 55. f(x) = 56. f(x) = 
fx) 5x2 — 20 fx) 25x2 — 10x +1 Px) 9x2 + 30x + 25 


57. f(x) = 


€ 
5x3 — 35x? + 50x 


In each of Exercises 59-62, an equation ax* + bx + c = Ois given. Use only the graph of f(x) = ax? + bx + cto find the 
x-intercepts of the graph and the solutions of the equation ax” + bx + c = 0. 


59. 


x2 — 4x — 45 =0 60. —x2 — 3x + 40=0 


YA 


50 


61. 32 + 4x — x2 =0 62. 3x2 — 12x = 0 


f(x) =x? - 4x - 45 f(x) = —x? - 3x +40 


f(x) = 32 + 4x — x? f(x) = 3x? - 12x 
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(b) Solve. 


63. Book Area. A bookis 5 cm longer than it is wide. 64. Area of an Envelope. An envelope is 4 cm longer than 
The area is 84 cm. Find the length and the width. it is wide. The area is 96 cm?. Find the length and the 
width. 
65. Tent Design. The triangular entrance to a tent is 2 ft 66. Sailing. A triangular sail is 9 m taller than it is wide. 
taller than it is wide. The area of the entrance is 12 ft?. The area is 56 m2. Find the height and the base of the 
Find the height and the base. sail. 


67. Geometry. If each of the sides of a square is length- 68. Geometry. If each of the sides of a square is length- 
ened by 6 cm, the area becomes 144 cm2. Find the ened by 4 m, the area becomes 49 m2. Find the length 
length of a side of the original square. of a side of the original square. 

69. Antenna Wires. Awire is stretched from the ground to 70. Ladder Location. The foot of an extension ladder is 
the top of an antenna tower, as shown. The wire is 20 ft 9 ft from a wall. The height that the ladder reaches on 
long. The height of the tower is 4 ft greater than the the wall and the length of the ladder are consecutive 
distance d from the tower’s base to the end of the wire. integers. How long is the ladder? 


Find the distance d and the height of the tower. 


71. Consecutive Even Integers. Three consecutive 72. Consecutive Even Integers. Three consecutive even 
even integers are such that the square of the third is integers are such that the square of the first plus the 
76 more than the square of the second. Find the three square of the third is 136. Find the three integers. 
integers. 
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73. Workbench Design. The length of the top of a 
workbench is 4 ft greater than the width. The area 
is 96 ft?. Find the length and the width. 


wt+a4 


75. Framing a Picture. A picture frame measures 12 cm 
by 20 cm, and 84 cm’ of picture shows. Find the 
width of the frame. 


77. Parking Lot Design. A rectangular parking lot is 50 ft 
longer than it is wide. Determine the dimensions of the 
parking lot if it measures 250 ft diagonally. 


79. Triangle Dimensions. One leg of a right triangle has 
length 7 m. The other sides have lengths that are 
consecutive integers. Find these lengths. 


81. Triangle Dimensions. The lengths of the hypotenuse 
and one leg of a right triangle are consecutive integers. 
The length of the other leg is 7 ft. Find the missing 
lengths. 


4.8 


Applications of Polynomial Equations and Functions 


74. Flower Bed Design. A rectangular flower bed is to be 
3 m longer than it is wide. The flower bed will have 
an area of 108 m. What will its dimensions be? 


76. Enclosure Dimensions. The number of square units in 
the area of the square base of a walled enclosure is 12 
more than the number of units in its perimeter. Find 
the length of a side. 


78. Framing a Picture. A picture frame measures 14 cm 
by 20 cm, and 160 cm? of picture shows. Find the width 
of the frame. 


80. Triangle Dimensions. One leg of aright triangle has 
length 10 cm. The other sides have lengths that are con- 
secutive even integers. Find these lengths. 


82. Triangle Dimensions. The lengths of the hypotenuse 
and one leg ofa right triangle are consecutive odd 
integers. The length of the other leg is 8 ft. Find the 
missing lengths. 
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83. Fireworks. 


Suppose that a bottle rocket is launched 
upward with an initial velocity of 96 ft/sec and from a 
height of 880 ft. Its height h, in feet, after t seconds is 
given by 

h(t) = —16t? + 96t + 880. 
After how long will the rocket reach the ground? 


- h() = -162 + 96t + 880 


880 ft 


Skill Maintenance 


Find the distance between the given pair of points on the number line. 
85. —3,4 


89. 3.6, 4.9 90. —2, 


86. —3, —4 


Find an equation of the line containing the given pair of points. 


93. (—2, 7) and (—8, —4) 


94. (—2, 7) and (8, —4) 


Synthesis 


97. Following is the graph of f(x) = —x* — 2x + 3. Use 


only the graph to solve —x? — 2x + 3 = Oand 
x? —2x+3>-5. 


fW = —x*-—2x+3 


> 
-5-4 L 2345 % 


99. Tawa Use the TABLE feature of a graphing calculator to 


101. 


check that —5 and 3 are not in the domain of F, as given 
in Example 7. 


lawd Use a graphing calculator to solve each equation. 
a) x4 — 3x3 -—x7+5=0 

b) x4 — 3x3 — x24+5=5 

c) x4 — 3x3 — x2 45 8 

d) x* =14+ 3x94 x? 
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84. Safety Flares. Suppose that a flare is launched up- 
ward with an initial velocity of 80 ft/sec and from a 
height of 224 ft. Its height h, in feet, after t seconds 
is given by 

h(t) = —16¢2 + 80¢ + 224. 
After how long will the flare reach the ground? 


y 
h() = -162 + 804 + 224 


h(p 


[1.6b] 
87. 3, —4 88. —7.8, —10.3 
91. —123, 568 92. 0, —1023 


[2.6c] 


95. (—2, 7) and (8, 4) 96. (—24, 10) and 


(—86, —42) 


98. Following is the graph of f(x) = x4 — 3x3. Use only 
the graph to solve x4 — 3x3 = 0,x4 — 3x3 = 0, and 
x4 — 3x3 > 0. 


fx) = x* - 3x3 


100. fae Use the TABLE feature of a graphing calculator to 
check your answers to Exercises 51, 54, and 57. 


102. Solve each of the following equations. 
a) (8x + 11) (12x? — 5x — 2) =0 
b) (3x2 — 7x — 20) (x — 5) =0 
c) 3x3 + 6x? — 27x — 54=0 
(Hint: Factor by grouping.) 
d) 2x3 + 6x? = 8x + 24 
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4 Summary and Review 


Va 
Key Terms, Properties, and Formulas 
monomial, p. 324 descending order, p. 326 factorization, p. 347 
polynomial, p. 325 ascending order, p. 326 prime polynomials, p. 348 
term, p. 325 like terms, p. 328 ac-method, p. 366 
coefficient, p. 325 similar terms, p. 328 grouping method, p. 366 
constant term, p. 325 opposites, p. 329 trinomial square, p. 370 
degree of a term, p. 325 additive inverses, p. 329 quadratic equation, p. 387 
degree of a polynomial, p. 325 FOIL method, p. 338 principle of zero products, p. 387 
leading term, p. 325 square of a binomial, p. 340 Pythagorean theorem, p. 393 
leading coefficient, p. 325 difference of squares, p. 341 right triangle, p. 393 
binomial, p. 326 factor (verb), p. 347 hypotenuse, p. 393 
trinomial, p. 326 factor (noun), p. 347 legs, p. 393 


Factoring Formulas: A® — B? = (A+ B)(A-—B), A* + 2AB+ B? = (A+ B)*, A* — 2AB + B? = (A — B)?, 
A’ + B8 = (A + B) (A? — AB + B2), A’ — B® = (A — B)(A* + AB + B?) 


The Principle of 
Zero Products: Foranyrealnumbersaandb: Ifab = 0,thena = 0orb=0. Ifa = Oorb = 0, then ab = 0. 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. According to the principle of zero products, if ab = 0, thena = Oandb=0. [4.8a] 
2. The binomial 27 — tis a difference of cubes. [4.6d] 
3. The expression 5x? — 6y~! isabinomial. [4.1a] 


Important Concepts 


Objective 4.1a Identify the degree of each term and the degree of a polynomial; identify terms, coefficients, monomials, 
binomials, and trinomials; arrange polynomials in ascending order or descending order; and identify the 
leading term, the leading coefficient, and the constant term. 


Example Identify the terms, the degree of each term, and Practice Exercises 
the degree of the polynomial. Then identify the leading 


: ae 1. Identify the terms, the degree of each term, and the 
term, the leading coefficient, and the constant term: 


degree of the polynomial. Then identify the leading 
x° + 3x4 — 7x3 — 2x2 + x - 10. term, the leading coefficient, and the constant term: 


Terms: —x, 3x4, -7x3, —2x2, x, -10 6x4 + 5x3 — x2 + 10x - 1. 


Degree ofeachterm: _ 5, 4,3, 2,1,0 


Degree of polynomial: 5 Leading term: —x° 

Leading coefficient: =1 Constant term: —10 

Example Arrange in descending order and then in 2. Arrange in descending order and then in ascending 
ascending order: y — 3y? + 7y* — 4 + 16y4. order: 


7y7+y-4 8x2 — 7 + 2x3 — x4 — 3x, 
2 _ 3y3 + 16y4 


Descending: 16y* — 3y 


Ascending: 4+y+7y 


x 
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Objective 4.1d Find the opposite of a polynomial and subtract polynomials. 


Example Subtract: (4¢2 — ¢ — 3) — (7¢? — 3 - 51). Practice Exercise 
(4t2 — t — t3) — (7¢2 — £3 — 52) 3. Subtract: 
= (4 =—7¢= 8) 4+ (-77 + P+ 50 (3y? — 6y? + 7y) — (y* — 10y — By? + 8). 
= 4-1-2 -717+4 4 5¢ 
= —3f? + 4t 


Objective 4.2b Use the FOIL method to multiply two binomials. 


Example Multiply: (7a — b) (4a + 9b). Practice Exercise 
f O I L 4. Multiply: (3x — 5y) (x + 2y). 
(7a — b) (4a + 9b) = 28a” + 63ab — 4ab — 9b? 
= 28a” + 59ab — 9b? 


Objective 4.2c Use arule to square a binomial. 


Example Multiply: (3q — 4). Practice Exercise 
(A — B)* = A? — 2AB + B? 5. Multiply: (2y + 7)”. 
(3q — 4)? = (34)? — 2(3q) (4) + 4? 
= 9q* — 24q + 16 


Objective 4.2d Use arule to multiply a sum and a difference of the same two terms. 


Example Multiply: (8x + 5) (8x — 5). Practice Exercise 
(A + B)(A — B) = A? — B? 6. Multiply: (5d + 10) (5d — 10). 
(8x + 5) (8x — 5) = (8x)? — 52 
= 64x? — 25 


Objective 4.2e For functions f described by second-degree polynomials, find and simplify 
notation like f(a + h) and f(a + h) — f(a). 


Example Given f(x) = 2x — x?, find f(x — 1) and Practice Exercise 
f(a + h) ~ f(a). 7. Given f(x) = 3x* — x + 2, find f(x + 1) and 
f(x — 1) = (x - 1) — (w- 1)? = a(x - 1) - (x? — 2x +1) f(a + h) — f(a). 


= 2x —-2-—x24+ 2x -—1 = —-x2+ 4x - 3; 


= 2a + 2h — a* — 2ah — h* — 2a + a? 
—h? — 2ah + 2h 


ll 


Objective 4.3b Factor certain polynomials with four terms by grouping. 


Example Factor: x3 — 6x* + 3x — 18. Practice Exercise 
x3 — 6x? + 3x — 18 = (x3 — 6x2) + (3x — 18) 9. Factor: y? + 3y2 — 8y — 24. 
= x*(x — 6) + 3(x — 6) 
=(¢-6) +3) 
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a 
Objective 4.5a Factor trinomials of the type ax? + bx + c,a # 1, by the FOIL method. 


Example Factor 15x” — 4x — 3 by the FOIL method. Practice Exercise 


The terms of 15x* — 4x — 3 do not have acommon 10. Factor 3x” + 19x — 72 by the FOIL method. 
factor. We factor the first term, 15x”, and get 15x - x and 
5x - 3x. We then have 


(15x +[{_])(x+[_]) and (5x +|_]) (3x + {_]) 
as possible factorizations. We then factor the last term,—3. 
The possibilities are (—3) (1) and (3) (—1). We look for 
combinations of factors such that the sum of the outside 
product and the inside product is the middle term, —4x. 


(15x — 3)(x + 1); (5x — 3)(3x + 1); ~ Correct middle 
term, —4x 


(15x + 3)(x— 1); (5x + 3) (3x — 1); 
(15x + 1)(x — 3); (5x + 1) (3x — 3); 
(15x — 1)(x + 3); (5x — 1) (3x + 3) 
Thus, 15x* — 4x — 3 = (5x — 3)(3x + 1). 


Objective 4.5b Factor trinomials of the type ax? + bx + c,a # 1, by the ac-method. 


Example Factor 6x? — 19x — 36 by the ac-method. Practice Exercise 


Note that there are no common factors. We multiply the 11. Factor 10x? — 33x — 7 by the ac-method. 
leading coefficient, 6, and the constant, —36: 6(—36) = 
—216. Next, we try to factor —216 so that the sum of the 
factors is —19. Since —19 is negative, the negative factor of 
—216 must have the larger absolute value. 


PAIRS PAIRS 
OF FACTORS OF FACTORS 


, —ald 
S27 
9, —24 
1213 


Next, we split the middle term using the factors 8 and —27: 
6x? — 19x — 36 = 6x? + Bx — 27x — 36 
= 2x(3x + 4) — 9(3x + 4) 
= (3x + 4)(2x — 9). 


Objective 4.6a Factor trinomial squares. 


Example Factor: 4x” — 44x + 121. Practice Exercise 


A* — 2AB + B? = (A— B)? 12. Factor: 81x? — 72x + 16. 
4x* — 44x + 121 = (2x)? — 44x + 112 = (2x — 11)? 


Objective 4.6b Factor differences of squares. 


Example Factor: 64y? — 9. Practice Exercise 
A* — B2 = (A+ B)(A- B) 13. Factor: 100¢7 — 1. 
64y* — 9 = (8y)* — 3* = (By + 3) (8y — 3) 
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Objective 4.6d Factor sums and differences of cubes. 


Example Factor: 8w® + 125. Practice Exercises 
A? + B? = (A + B) (A* — AB + B?) 14, Factor: 216x? + 1. 
8w? + 125 = (2w)? + 53 = (2w + 5) (4w% — 10w + 25) 


Example Factor: 125x3 — 8. 15. Factor: 1000y? — 27. 
A? — B® = (A — B)(A? + AB + B?) 
125x3 — 8 = (5x) — 23 = (5x — 2)(25x2 + 10x + 4) 


Objective 4.8a Solve quadratic and other polynomial equations by first factoring 
and then using the principle of zero products. 


Example Solve: 5x* + llx = 12. Practice Exercise 
5x2 + llx - 12=0 Getting 0 on one side 16. Solve: 3x? — x = 14. 
(5x — 4) (x + 3) =0 Factoring 


5x-4=0 or x+3=0 — Using the principle of 
zero products 


=5 or S38 
The solutions are —3 and 4. 


Review Exercises 


1. Given the polynomial [4.1a] 6. Emergency-Room Visits. The number E£, in thousands, 
3x6y — 7x8y3 + 2x3 — 3x2: of hospital emergency-room visits involving narcotic 
a) Identify the degree of each term and the degree of aa by cam becstinated yale polynomuabneron 


the polynomial. ‘ 
b) Identify the leading term and the leading coefficient. E(t) = 1.55t° + 2.71¢ + 47.04, 
c) Arrange in ascending powers of x. where tis the number of years since 1996. [4.1b] 


d) Arrange in descending powers of y. 


Evaluate the polynomial function for the given values. 
[4.1b] 


2. P(x) = x3 — x* + 4x; P(0) and P(-1) 


3. P(x) = 4 — 2x — x?; P(—2) and P(5) 


Number of hospital emergency-room 
visits (in thousands) 


OZ 4 Cee Carel Oe lea la t 
Years since 1996 


Collect like terms. [4.1c] 
SOURCE: Data from Substance Abuse and Mental Health 
4. 8x + 13y — 15x + 10y Services Administration, Drug Aouse Warning Network 


a) Use this graph to predict the number of hospital 
emergency visits involving narcotic painkillers in 
2006. 
\ 2 \ 2 ch 
5. 3ab — 10 + Sab* — 2ab + 7ab* + 14 b) Use the function to predict the number of hospital 
emergency visits involving narcotic painkillers in 
2010. 
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Add, subtract, or multiply. [4.1c, d], [4.2a, b, c, d] Factor. [4.3a, b], [4.4a], [4.5a, b], [4.6a, b, c, d], [4.7a] 
7. (—6x3 — 4x2 + 3x +1) + (5x3 + 2x + 6x2 + 1) 24. 9y4 — 3y? 
4_ 3 2_ 
8. (4x3 — 2x2 — 7x + 5) + (8x2 — 3x3 — 9 + 6x) eles a ee ee 
26. a* — 12a + 27 
9. (—9xy? — xy + 6x2y) + (—5x2y — xy + 4xy?) 4 
(12x*y — 3xy? + 6xy) 
27. 3m + 14m + 8 
10. (3x — 5) — (—6x + 2) 
28, 25x? + 20x + 4 
11. (4a — b + 3c) — (6a — 7b — 4c) 
29. 4y* — 16 
2 i 2 i 
Tee (Op 4p ay apo ape) 30. ax + 2bx — ay — 2by 
13. (6x2 — 4xy + y”) — (2x2 + 3xy — 2y?) 31. 4x4 + 4x2 + 20 
14. (3x2y) (—6xy3) 32. 27x3 — 8 
33. 0.064b3 — 0.125c3 
15. (x* — 2x? + 3) (x4 + x? - 1) 7 
34. y°—y 35. 2z° — 1626 
16. (4ab + 3c) (2ab — c) 
36. 54x%y — 2y 37.1+ a 
17. (2x + 5y) (2x — 5y) 
38. 36x? — 120x + 100 39. 6f? + 17pt + 5p? 
18. (2x — 5y)? 
40. x3 + 2x? — 9x — 18 41. a2 — 2ab + b? — 4t? 
19. (5x* — 7x + 3) (4x2 + 2x - 9) 
Solve. [4.8a] 
42. x? — 20x = —100 43. 6b? — 13b + 6 =0 
20. (x? + 4y3)2 
44, 8y” = 14y 45. r? = 16 
21. (x — 5) (x* + 5x + 25) 
46. Given that f(x) = x* — 7x — 40, find all values of x 
22. (x _ 1) (x _ 1) such that f(x) = 4. [4.8a] 
47. Find the domain of the function fgiven by 
23. Given that f(x) = x* — 2x — 7, find and simplify f(a — 1) 7 x—-3 
and f(a oF h) —; f(a). [4.2e] f(x) 3x2 + 19x — 14 (4.8a] 
x 
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Solve. [4.8b] 51. Which of the following is a factor of t? — 642 [4.6d] 


48. Photograph Dimensions. A photograph is 3 in. longer A. t—4 Bt = 4¢+ 16 
than it is wide. When a 2-in. matte border is placed C. t? + Bf + 16 D. t+ 4 
around the photograph, the total area of the photo- 
graph and the border is 108 in*. Find the dimensions 
of the photograph. 


52. Which of the following is a factor of 
hm + 5hn — gm — 5gn?_ [4.3b]) 


A m-—n B.h+g 
C. m+ 5n D. m— 5n 
49. The sum of the squares of three consecutive odd 
integers is 83. Find the integers. 
Synthesis 
Factor. [4.6d] 
50. Area. The number of square units in the area of a 53. 128x5 — 2y6 


square is 7 more than six times the number of units in 

the length of a side. What is the length of a side of the 

square? 55. Multiply: [a — (b — 1)][(b — 1)? + a(b — 1) + a?}. 
[4.6d] 


54. (x + 1)3 — (x - 1)3 


56. Solve: 64x3 = x. [4.8a] 


Understanding Through Discussion and Writing 


1. Under what conditions, if any, can the sum of two 5. (awa Explain how you could use factoring or graphing 
squares be factored? Explain. [4.3a], [4.6b] to explain why x? — 8 # (x — 2)3. [4.6d] 


6. Emily has factored a particular polynomial as 
(a — b)(x — y). George factors the same polynomial 


. i he ac-meth factor tri ial 
2. Explain how to use the ac-method to factor trinomials anidigets (B= a)Gr= x). Wha iécorrectand why? 


of the type ax? + bx + c,a #1. [4.5b] 


before now? [4.8a] 


[4.3a], [4.7a] 
; ; ; 7. Explain how one could write a quadratic equation that : 
3. Annie claims that she can add any two polynomials has 5 and —3 as solutions. Can the number of solutions cS 
but finds subtraction difficult. What advice would you of a quadratic equation exceed two? Why or why not? s 
offer her? [4.1d] [4.8a] g 
g 
8. In this chapter, we learned to solve equations that we : 
4. Suppose that you are given a detailed graph of y = P(x), could not have solved before. Describe these new & 
where P(x) is a polynomial. How could you use the equations and the way we go about solving them. How 5 
graph to solve the equation P(x) = 0? P(x) = 4? [4.8a] is the procedure different from those we have used S) 
% 
= 
Q 
8 
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For Extra Help 


Test a “Test Pre Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
a ree on DVD, in Mymathiab| and on You (search “BittingerInterAlgPB” and click on “Channels"). 


1. Given the polynomial 2. Given that P(x) = 2x3 + 3x2 — x + 4, find P(0) and 
3xy> — 4x2y + 5x5y4 — 2x4y: P(—2). 
a) Identify the degree of each term and the degree of the 
polynomial. 


b) Identify the leading term and the leading coefficient. 
c) Arrange in ascending powers of x. 
d) Arrange in descending powers of y. 


3. Video-Game Sales. Projected sales S of video games, in S(t) A 
billions of dollars, can be estimated by the polynomial oe 
9 


function given by 
S(t) = 0.049644 — 0.6705t3 + 2.6367t2 — 2.3880¢ + 1.6123, 


where fis the number of years since 2004. 

Source: Jupiter Research 

a) Use the graph to predict the sales of video games, in 
billions of dollars, in 2010. 

b) Use the function to predict the sales of video games, in 
billions of dollars, in 2009. 


Sales of video games 
(in billions of dollars) 


ewe wr TDN © 


=~ 
Omni nes LG rmcZ, 
Years since 2004 
S(t) = 0.0496t4 — 0.6705t° + 2.636727 — 2.3880 + 1.6123 


4. Collect like terms: 5xy — 2xy? — 2xy + 5xy?. 


Add, subtract, or multiply. 
5. (—6x3 + 3x? — 4y) + (3x3 -— 2y — 7y?) 6. (4a° — 2a” + 6a — 5) + (3a — 3a + 2 — 4a?) 


7. (5m3 — 4m2n — 6mn? — 3n) 4 8. (9a — 4b) — (3a + 4b) 
(9mn* — 4n3 + 2m3 + 6m?2n) 


9. (4x2 — 3x + 7) — (—3x2 + 4x — 6) 10. (6y2 — 2y — 5y3) — (4y? — 7y — by?) 
11. (—4xy) (—16xy?) 12. (6a — 5b) (2a + b) 

13. (x — y) (x2 — xy - y”) 14, (3m? + 4m — 2)(—m? - 3m + 5) 
15. (4y — 9)? 16. (x — 2y) (x + 2y) 


17. Given that f(x) = x? — 5x, find and simplify f(a + 10) and f(a + h) — f(a). 
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Factor. 


18. 9x? + 7x 19. 24y> + 16y2 20. y? + 5y? — 4y — 20 
21. p* — 12p — 28 22. 12m? + 20m + 3 23. Sy? — 25 

24. 3r3 — 3 25. 9x2 + 25 — 30x 26. (z + 1)? — b? 

27. x8 — y8 28. y* + 8y + 16 — 1002? 29. 20a7 — 5b? 

30. 24x2 — 46x + 10 31. 16a%b + 54ab’ 

Solve. 

32. x* — 18 = 3x 33. 5y? — 125 =0 34, 2x* + 21 = -17x 


35. Given that f(x) = 3x2 — 15x + 11, find all values of x 
such that f(x) = 11. 


Solve. 


37. Photograph Dimensions. A photograph is 3 cm longer 
than it is wide. Its area is 40 cm?. Find its length and its 
width. 


39. Area. The number of square units in the area of a 
square is 5 more than four times the number of units in 
the length of a side. What is the length of a side of the 
square? 


41. Factor: 8x3 — 1. 


36. Find the domain of the function f given by 


fx) = 2 


oe ee 


38. Ladder Location. The foot of an extension ladder is 
10 ft from a wall. The ladder is 2 ft longer than the 
distance that it reaches up the wall. How far up the 
wall does the ladder reach? 


40. Number of Games ina League. If there aren teams ina 
league and each team plays every other team once, the 
total number of games played is given by the polynomial 
function f(n) = 5n2 = $n. Find an equivalent expression 
for f(n) by factoring completely. 


AN, (2ee = 1) (as — 1) (Bre — il) Ly (2 = il) (res 11) 
C. (2x — 1) (4x2 + 2x + 1) D. (2x + 1) (4x2 — 2x + 1) 
Synthesis 


42. Factor: 6x2” — 7x” — 20. 
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43. If pq = 5and(p + q)* = 29, find the value of p? + q?. 


Copyright © 2011 Pearson Education, Inc. 


1-4. Cumulative Review 


Simplify. 
Ie (622 4e Hie = agp = O)) +e (HS = Bee +B) 


3. (a? — a — 3)- (a* + 2a — 3) 


Al, (8 a= 4B) (es ae ) 


Solve. 
5. 8 — 3x = 6x — 10 C72 =. 
7. A = 3h(a + b), for b 8. 6x — 1 = 3(5x + 2) 
Se 20 10. |2x -— 3| <7 
w= Geil 
ls Bear IP ae Zo 5), 12. 2x + 5y = —2, 
a8 = = 10) ox + 3y = 14 
y-z=12 
13. 3x — y= 7, 14. x+ 2y- z=0, 
2x + 2y=5 Shear = ys = Il, 
eee Vastu 
15. llx + x? + 24=0 16. 2x2 — 15x = -7 


17. Given that f(x) = 3x? + 4.x, find all values of x such 
that f(x) = 4. 


18. Find the domain of the function F given by 


AX) = aay a6 
Factor. 
19. 3x3 — 12x? 20. 2x4 + x3 + 2x41 
21. x2 + 5x -— 14 22. 20a” — 23a + 6 
23. 4x2 — 25 24, 2x2 — 28x + 98 
25. a3 + 64 26. 64x3 — 1 
27. 4a3 + a® — 12 28. 4x4y? — x?y4 


29. Producing Bearings. A factory has three bearing 
presses, A, B, and C. When all three of them are 
working, 5700 bearings can be made in one week. 
When only A and B are working, 3400 bearings can be 
made in one week. When only B and C are working, 
4200 can be made in one week. How many bearings 
can be made in a week by each machine? 
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Graph. 39. Find an equation of the line containing the points 
30. x < lorx=2 (—1, 4) and (—2, 0). 


40. Find an equation of the line with slope —3 and through 
the point (2, 1). 


Slo = = 255 32. 6y + 24=0 
YA VA 41. Wild Horses. The federal government rounds up wild 
lL lee eae po ee horses and puts them in holding facilities while offer- 
Al. 4 ing them for adoption to horse lovers who agree not to 
3 3 sell them for slaughter. In 2001, there were 9807 wild 
: horses in holding facilities. This number increased to 
= Se ee 30,088 in 2008. Find the rate of change of the number 
or 4arscerh yd 2 3.48 x ee 123.45. % of wild horses in holding facilities with respect to time, 
ee pee tos om pcaa ee Pulernyran in years. 
s : ; ; i " Ds : L : : 4 Source: Washington Post, "A Dramatic Rescue for Doomed Wild Horses 
eel! es E eat eeetie dd orl heuer atte eat of the West," by Lyndsey Layton, November 18, 2008, p. A01. 
42. Games in a Sports League. Inasports league of n 
33.y>x+6 34. f(x) =x? - 3 teams in which each team plays every other team 
twice, the total number N of games to be played is 
eee teret ite Seem eee given by the function 
5 oo fone fo bs N(n) = n? — n. 
as ce ea S| eee a) Awomen'’s college volleyball league has 6 teams. If 
2 ede Poe lagta ater Olena = we assume that each team plays every other team 
U oo nee es twice, what is the total number of games to be 
$4321 12345% 4321, 12345. % played? 
Ee ES) ee ee Sool baie at Al daca a a b) Another volleyball league plays a total of 72 games. 
bon et ee ee If we assume that each team plays every other team 
2 eee aig : ee aes - aa aes emcees twice, how many teams are in the league? 
43. Display of a Sports Card. Avaluable sports card is 
35. g(x) = 4 — |x| 36. 2x + 3y <6, 4 cm wide and 5 cm long. The card is to be sandwiched 
Be — By = 115, by two pieces of Lucite, each of which is 55 times the 
Py 0 area of the card. Determine the dimensions of the Lucite 
“55 fe Label the vertices. that will ensure a uniform border. 
mete 
23 YH 
al. Pees (ore 
aa Tbe : a 
aon ae : A 
coc4c8r221))1.2.3.4.9. % 3 
: oo all ate 2 
peal. aes hl ae = 
ee ls a eine na ~§-4-3-2-1,[ 123.45 Pe 
cote Sea STN oti Nee 
: S ~ 
ae Bop Lie 
enill. 
$5 
z 
5 
37. Find an equation of the line containing the point (3, 7) a 
and parallel to the line x + 2y = 6. g 
=] 
z 
= 
38. Find an equation of the line containing the point Synthesis 5 
(3, —2) and perpendicular to the line 3x + 4y = 5. ® 
44, Solve: |x + 1| = |x - 3]. % 
z 
8 
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Rational Expressions, aun 
Equations, and 
Functions > 


5.1. _ Rational Expressions an 
Functions: Multiplying, — 
Dividing, and Simplifying 
LCMs, LCDs, Addition, 
and Subtraction 


Division of Polynomials — 


5.4 Complex Rational Expressic 
MID-CHAPTER REVIEW I 
5.5 Solving Rational Equatio 


Applications and Proporti 
TRANSLATING FOR SUCCESS 


5.7 Formulas and Applications _ 


SUMMARY AND REVIEW 
TEST 
CUMULATIVE REVIEW 


The Sandbagger Corporation sells machines that fill sandbags at a job site. The 
Sandbagger™ can fill an order of 8000 sandbags in 5 hr. The MultiBagger™ can fill 
the same order in 8 hr. Using both machines together, how long would it take to fill 


an order of 8000 sandbags? 
Source: The Sandbagger Corporation 


This problem appears as Example 1 in Section 5.6. 
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SKILL TO REVIEW 
Objective 2.3a: Find the domain 
and the range of a function. 
Find the domain. 

1. f(x) = 3x +7 


2. f(x) = 2 


Answers 


Skill to Review: 
1. All real numbers 


2. {xlxis areal number andx # -3\, 


o(-=-)u(-3=) 


(a) Rational Expressions and Functions 


An expression that consists of the quotient of two polynomials, where the 
polynomial in the denominator is nonzero, is called a rational expression. 
The following are examples of rational expressions: 


ij Zz a 8 t* — 5t x? + 7xy — 4 
8’ 6-6’ + 5’ 2 — Bt — 28” xy? - 


Note that every rational number is a rational expression. 

Rational expressions indicate division. Thus we cannot make a replace- 
ment of the variable that allows a denominator to be 0. (For a discussion of 
why we exclude division by 0, see Section R.2.) 


EXAMPLE 1 Find all numbers for which the rational expression 
20+ 1 
x-3 
is not defined. 
When x is replaced with 3, the denominator is 0, and the rational expres- 
sion is not defined: 


+ -34+1 
saa 2 = ee 3° v< Division by 0 is not defined. 


You can check some replacements other than 3 to see that it appears that 3 is 
the only replacement that is not allowable. Thus the rational expression is not 
defined for the number 3. 


You may have noticed that the procedure in Example 1 is similar to one 
we have performed when finding the domain of a function. 


2x +1 


EXAMPLE 2 Find the domain of f if f(x) = ae 


The domain is the set of all replacements for which the rational expres- 
sion is defined (see Section 2.3). We begin by determining the replacements 
that make the denominator 0. We can do this by setting the denominator 
equal to 0 and solving for x: 


x-3=0 
x= 3. 


The domain of fis {x|x is a real number and x # 3}, or, in interval notation, 
(—09, 3) U (3, oo). 
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1. Find all numbers for which the 


| Do Exercises 1 and 2. 
rational expression 


Ox Algebraic-Graphical Connection ee) 
Xx 


Let’s make a visual check of Example 2 by looking at the following is not defined. 
graph. ; 
2. Find the domain of f if 
ge = 1g te 
ae 


Write both set-builder notation 
and interval notation for the 
answer. 


4 6 8 10 12 14 16 x 


Domain of f is 
(—%, 3) U (3, ~). 


x=3 


Note that the graph consists of two unconnected “branches.” Ifa 
vertical line were drawn at x = 3, shown dashed here, it would not 
touch the graph of f Thus 3 is not in the domain of f- 


<4 


' EXAMPLE 3 Find all numbers for which the rational expression 
t4 —5t 
t2 — 3t — 28 
is not defined. 


The rational expression is not defined for a replacement that makes the 
denominator 0. To determine those replacements to exclude, we set the de- 
nominator equal to 0 and solve: 


t? — 3t — 28 =0 Setting the denominator equal to 0 3. Find all numbers for which the 
rational expression 
(t-— 7)(t+ 4) =0 Factoring Hy 
t-—7=0 or t+4=0 Using the principle of zero products 12 —7t+ 10 
c=7 oF P= is not defined. 
Thus the expression is not defined for the replacements 7 and —4. ) 
4. Find the domain of g if 
' EXAMPLE 4 Find the domain of gif ree 
&( t) ~ OD 7 10 : 
14 —5t p= — Ti as 
a(t) = ae vars Write both set-builder notation 
and interval notation for the 
We proceed as we did in Example 3. The expression is not defined for the aS WET 
replacements 7 and —4. Thus the domain is {t|t is a real number and t # 7 
and t # —4}, or, in interval notation, (—co, —4) U (—4, 7) U (7, 0). J 


Answers 


| Do Exercises 3 and 4. g 


LS 
2 


5 
2. {xlxis areal number and x # -3}, 
5 5 
—oo, -— ]U[—-=,~« 
or( & ) 
32,9 


4, {t\tis areal number and t # 2 and t # 5}, 
or (—00, 2) U (2, 5) U (5, 00) 
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STUDY TIPS . 


WORKING WITH 
A CLASSMATE 


If you are finding it difficult to mas- 
ter a particular topic or concept, try 
talking about it with a classmate. 
Verbalizing your questions about 
the material might help clarify it. If 
your classmate is also finding the 
material difficult, it is possible that 
the majority of the people in your 
class are confused and you can 

ask your instructor to explain the 
concept again. 


(b) Finding Equivalent 
Rational Expressions 


Calculations with rational expressions are similar to those with rational 
numbers. 


MULTIPLYING RATIONAL EXPRESSIONS 
To multiply rational expressions, multiply numerators and multiply 


denominators: 
A C_ AC 
BD BD 


For example, we have the following: 


3.2 _ 392 _6& 3x 5x _ (3x) (5x) _ 15x? 
5 7 5:7 35’ 4 7 4-7 28” 


x+3 x3 (eb 3)x3 
y-4 yt+5 (y—4)(y+ 5) 
For purposes of our work in this chapter, it is better in the example above to 
leave the numerator (x + 3)x? and the denominator (y — 4) (y + 5) in fac- 
tored form because it is easier to simplify if we do not multiply. 

Before discussing simplifying rational expressions, we first consider mul- 
tiplying by 1. 


Multiplying numerators and 
multiplying denominators 


and 


Any rational expression with the same numerator and denominator is a 
symbol for 1: 
aye G = mae 


=1, ——~=1, 5 = 1, =% 7 
4x“ — 5 a1 x+5 


1. 


We can multiply by 1 to get equivalent expressions—for example, 


7 4 7-4 28 5 oe Sex 5x 
= = and = =—, 
9 4 9:4 36 6 x 6:x 6x 


As another example, let’s multiply (x + y)/5 by 1, using the symbol 
(x — y)/(x— y): 


xty x-y_ (@ty(*-y) 


o= 
Multiplying by — which is 1 


5 2 = y 5(x — y) 
We know that the expressions 
x+y (x + y)(x— y) 
—— and —_——W 
5 5(x — y) 


are equivalent. This means that they will name the same number for all replace- 
ments that do not make a denominator 0. 
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' EXAMPLES Multiply to obtain an equivalent expression. 


x2 43 x2+3 x+1_ (x*+3)(x+1) coset 
2h : Using 
Pea K-11 StL (x 1er) x + 


1 
for 1 
i 


424 =) go4 1+ (e—4) 

Xx y 1 x y —-1:(x-y) 
—x+4 4-Xx 
— =xty y-x ) 


Do Exercises 5-7. 
(Cc) Simplifying Rational Expressions 


=I 
6. 1 Using =| for 1 


We simplify rational expressions using the identity property of 1 (see 
Section R.5b) in reverse. That is, we “remove” factors that are equal to 1. We 
first factor the numerator and the denominator and then factor the rational 
expression, so that a factor is equal to 1. We also say, accordingly, that we 
“remove a factor of 1.” 


120 
EXAMPLE 7 Simplify: ——. 
i Simplify: 355 
120 _ 40-3 Factoring the numerator and the denominator, 
320 40:8 looking for common factors 
4 
_ m . ; Factoring the rational expression; = is a factor of 1 
i 3 40 
=]- =] 
8 40 
3 : 
=e Removing a factor of 1 ) 


| Do Exercise 8. 


| EXAMPLES Simplify. 


5x2 5x: 
__ 
x 1: 


Factoring the numerator and the denominator 


é : ‘ x. 
aa tk ) Factoring the rational expression; xa factor of 1 
x 


= 5x Removing a factor of 1 


In this example, we supplied a 1 in the denominator. This can always be 
done, but it is not necessary. 


4at+s8 2(2a+4 
9. S = ( a4 ) Factoring the numerator and the denominator 


2 2a+A4 ; : fees 
= Factoring the rational expression; 3 isa factor of 1 


2a+4 
ae ; Removing a factor of 1 


2at+4 ) 


| Do Exercises 9 and 10. 
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Pe 


128 


8. Simplify: —_. 


Answers 


(3x + 


2y)x 


160 


Pe, 


(2x2 — y) (3x + 2) 


(5x + 


4y)x 


* (3x + 4) (3x + 2) 


4 


7 


-at 


10. 2a + 


b’ 
3 


=24 +5 5 — 2a 
‘ or 


b-a 


8. 


5 


9. 7x 
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Calculator Corner 


Checking Multiplica- 
tion and Simplification We 
can use the TABLE feature as a partial 
check that rational expressions have been 
multiplied and/or simplified correctly. To 
check the simplification in Example 11, 


x21 x+1 
2x2 — x —1 2x +1! 


we first enter 

y= (x2 = 1)/(2x2 — x — 1) and 

Yo = (x + 1)/(2x + 1). 

Then, using AUTO mode, we look at a 
table of values of yj and yo. (See p. 164.) If 
the simplification is correct, the values 
should be the same for all replacements 
for which the rational expression is 
defined. The ERROR messages indicate that 
—0.5 and 1 are replacements in the first 
rational expression for which the expres- 
sion is not defined and —0.5 is a replace- 
ment in the second rational expression 
for which the expression is not defined. 
For all other numbers, we see that y; and 
y2 are the same, so the simplification 
appears to be correct. Remember, this is 
only a partial check since we cannot 
check all possible values of x. 


ea | Ta | DR Y2 
DS) 25 
=1 0 0 
es) ERR: ERR: 
1 1 
TS e753) 
1 ERR: .66667 
(5 625 62 
X=—1.5 


Exercises: Use the TABLE feature to 
determine whether each of the following 
is correct. 

5x2 


1. = 5x 
x 


2x27 + Ax xt+2 
6x2 + 2x 3x41 
x2-3x+2 x+2 


x2-1 x«-1 

2 

x= =.16 
4 =a 

XA 4 

2 

KA = 5X 4 4 
5. : 


xe x2—25 x(x +5) 


| EXAMPLES Simplify. 
2x2 + 4x 2x(x + 2) 


10. 3 = Factoring the numerator and the denominator 
6x* + 2x 2x(3x + 1) 
2A ee 2 
ae Spe 4 Factoring the rational expression 
re Removing a factor of 1 
7 a emoving a factor 0 
W alae (x — 1) (x + 1) Factoring the numerator and 


2x2-—x—1 (2x+1)(x—1) _ the denominator 


et Factoring the rational expression 
—4 . 'X] 
ax+1 x1 . 
eee Removing a factor of 1 
2x +1 
a 9x? + 6xy — 3y? _ 3(x + y) (3x = y) Factoring the numerator 
"12x? — 12y? 3(4) (x + y) (x — y) and the denominator 
- 3(x+y) 3x-y Factoring the rational 
3(x + y) 4(x-y) expression 
3x — y : 
= Removing a factor of 1 
4(x — y) 


For purposes of later work, we generally do not multiply out the numer- 
ator and the denominator after simplifying rational expressions. 


Canceling 


Canceling is a shortcut that you may have used for removing a factor of 1 
when working with fraction notation or rational expressions. With great con- 
cern, we mention it here as a possible way to speed up your work. Canceling 
may be done for removing factors of 1 only in products. It cannot be done in 
sums or when adding expressions together. Our concern is that canceling be 
done with care and understanding. Example 12 might have been done faster 
as follows: 


9x? + 6xy — 3y? _ B(x+V) (3x — y) When a factor of 1 is noted, 
12x? — 12y? 3(4) (x+y) (x — y) _ itis “canceled” as shown. 


3x —y é ee e 3(x + y) ; 
= . emoving a factor o << 
A(x — y) : a(x + y) 
Caution! 


The difficulty with canceling is that it can be applied incorrectly in situa- 
tions such as the following: 


ee A+1 1 131 
2 , A+2 2’ BA AC 
Wrong! Wrong! Wrong! 


In each of these situations, the expressions canceled are not factors of 1. 
Factors are parts of products. For example, in 2 - 3, 2 and 3 are factors, but 
in 2 + 3, 2 and 3 are not factors. If you can’t factor, you can’t cancel! If in 
doubt, don’t cancel! 
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Do Exercises 11-13. 


Opposites in Rational Expressions 


Expressions of the form a — band b — aare opposites, or additive inverses, 
of each other. When either of these binomials is multiplied by —1, the result is 
the other binomial: 


l(a—b)=—-a+b=b—a@; Multiplication by —1 reverses the 
l(b-a)=—-bt+a=a-—b. order in which subtraction occurs. 
Consider 
x8 
B= x 


At first glance, the numerator and the denominator do not appear to have any 
common factors other than 1. But x — 8 and 8 — x are opposites of each 


other. Therefore, we can rewrite one as the opposite of the other by factoring 
outa —l. 


EXAMPLE 13. Simplify: — 


x= 8 x= 8 an ; 
= Rewriting 8 — x as —(x — 8). See Section R.6. 
8-—x —(x- 8) 
1(x — 8) 
~ -1(x - 8) 
ee oe: 
“1 x= 8 
i 
=-1-1 Note that — = —l,notl. 


=-1 W 
| Do Exercises 14-16. 


(d) Multiplying and Simplifying 
After multiplying, we generally simplify, if possible. That is one reason why we 
leave the numerator and the denominator in factored form. Even so, we 


might need to factor them further in order to simplify. 


EXAMPLES Multiply and simplify. 


x+2 x2-4 (x + 2) (x? - 4) Multiplying the 
14. a ae eee oe (x — 3) (x2 +x — 2) numerators and the 
denominators 
_ («+ 2) (x + 2) (x — 2) Factoring the 
= +2 = numerator and the 
a Me ) denominator 
(x + 2) (x +2) (x — 2) 


Removing a factor of 1: 


(x—3)(e+2y(x-1) **2_, 


Ler 2 


(x + 2) (x — 2) 
~ (x — 3)(x- 1) 


Simplifying 
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Simplify. 
De ne 
ll. 6x 4x 
4x2 + 8x 
2y? + 6y +4 
(eee 
Vos 
20a? — 80b2 


* 16a2 — 64ab + 64b2 


Simplify. 
yas 
14, —— 
cay, 
Pied: 


15. 
q—P 


Answers 
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is abe a? + 26b 1b 
G= Db? a+ ab + b? 
(a? — b?)(a* + 2ab + b?) 
~ (a® — b?) (a2 + ab + b?) 
(a — b)(a2 + ab + b)(a + b)(a + b) 


Factoring the 
(iB ae Bae eb ba ed numerator and the 
denominator 
(a—Dd) (a2_+-ab+b?) (a+) (a + b) 
(a—D) (a+) (a2 +-ab+b*) - 1 
(a — b) (a? + ab + b?) (a+b) 
Removing a factor of 1: 5 z 
Multiply and simplify. (a— b)(a ab + b*)(a +b) 
= we 4 
iy ey JOOP geting 
55 ar x2 — y? 1 
3 3 7 2 =e ee ) 
18. 2 ap le > = Dal ar lo 


a —b2 a2—ab+ b 


Do Exercises 17 and 18. } 


(e) Dividing and Simplifying 


Two expressions are reciprocals (or multiplicative inverses) of each other if 
their product is 1. To find the reciprocal of a rational expression, we inter- 
change the numerator and the denominator. 


F 3, 7 
Find the reciprocal. The reciprocal of 7 Is =; 
Kotes 
Pee ay = ll 
ie x-5 The reciprocal of Y is y 
ey x 2y 
ne The reciprocal of y — 8 is =e 
21. : F 
y-9 Do Exercises 19-21. } 
We divide rational expressions in the same way that we divide fraction 
notation in arithmetic. For a review, see Section R.2. 
DIVIDING RATIONAL EXPRESSIONS 
To divide by a rational expression, multiply by its reciprocal: 
A © A D_AD 
BD BOC BC 
Then factor and simplify if possible. 
For example, 
2,4 .2 9 275 _ 5 2_5,.,_5 
3°68 8 a 3252 8:2 2 6 6" 
Answers 
17, PED we eb 19,225 
x+y eS 
20. 21. y3-9 
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' EXAMPLES. Divide and simplify. 


KH 2 LPO. XH 2 FB Multiplying by the reciprocal of ( Calculator Corner 


16. : ie 
xt1l x-3 xt1 x+5 _ thedivisor Checking Division Use 
_ (x — 2) (x — 3) the TABLE feature, as described on p. 416, 
(x + 1)(x + 5) to check the divisions in Examples 16 


Bt ~ gh = Ie 44 and 17. Then check your answers to 


17. : : ; 
a-1 ad Margin Exercises 22 and 24 

X SY 

a*—1 ; a+ 1 Multiplying by the reciprocal of 

~ a@-1 qt—-2a4+1 the divisor 
2 
(a* — 1)(a + 1) Multiplying the numerators and 
a— 1)(a* — 2a+ 1) the denominators 


( 
(a+ 1)(a— 1)(a+t 1) Factoring the numerator and the 
(a—- 1)(a- 1)(a-1) denominator 

( 


a+] a+] = a ae 
= Je : Removing a factor of 1: aos — . a | Divide and simplify. 
(a— 1) fat) (a — 1) " oO? sn 0 
_ (a+ 1)(a+ 1) eee 4D 
(a—1)(a-1) ) 


2. Pp 2 — Deph a jpP 
a3, # iP a ab+b 


| Do Exercises 22 and 23. Gi 2a2b2 


| EXAMPLE 18 Perform the indicated operations and simplify: 


c3 = a 
Grae ere 
Using the rules for order of operations, we do the division first: 
ec — d3 
Gua Oe 
c3 — da 1 
“Ged? =a °°? 


(c — d)(c* + cd + d*)(c + d) 
(c + d)(c + d)(c — d) 


_ (cd) (c2 4 ad & d2) (c-+dy eae Ae tig of 1: 
(c + d) (c+d) (ead) (c— d)(c+ a>? 
0? ed ad? 24. Perform the indicated 
~~ o4tdqd - i operations and simplify: 
OPE 


Do Exercise 24. Q=D (e 


2a + 4)-(a- 2). 


Answers 
x+5 2ab(a + b) 
* 2(x — 5) “a-b 


24. (a + 2)(a- 2) 


5.1. Rational Expressions and Functions: Multiplying, Dividing, and Simplifying 419 


5.1 | Exercise Set 


(a) Find all numbers for which the rational expression is not defined. 


PRACTICE WATCH DOWNLOAD READ REVIEW 


For Extra Help PS = 
MyMathLab\y) “ix laa 


5t2 — 64 9, x +x + 105 x8 — x2 4+ x42 x2 — 3x —4 
° 3f+17 "5x — 45 x2 + 12x + 35 ” x2 — 18x + 77 


Find the domain. Write both set-builder notation and interval notation for the answer. 


4x — 5 Sr t+ 3 7 9 
5. = 6. = ‘ = — > 8. = 
fx) = f(r) =~ 7. (2) = BO a rearar 
5t2 — 64 x? +x + 105 x8 x2+x4+2 x2 — 3x—-4 
9. f(t) = = 10. f(x) = ——— ll. f(x) = 12. f(x) = =>. 
MO) = Sry a7 Ix) 5x — 45 Fx) He ae 35 Pex) x > 18a 77 
(b) Multiply to obtain an equivalent expression. Do not simplify. 
7 +2 2=y7 = =5 g+5 +1 p-4 
knees 14. e = eer as ie = 
7X x+8 B= yl q+3 qt+5 pt+4 p-4 
(c) Simplify. 
15y° 7w3 16p? 481° 
ig 18, — —- 
Sy 28w 24p 56 
21 9a — 27 22 6a — 30 23 12x — 15 oA 18a — 2 
=a —-¢ 9] “22 
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4y — 12 
25. 

4y + 12 

x2 — 9x +8 
29. >... 

Ko 3x 4 


. 
‘d) Multiply and simplify. 


x4 5x + 10 


33. . 
3x +6 5x? 


y? + 10y+25 y*-3y 


36 
y?-9 y+5 


eS 2k = 38 Ay = ON 


39. 
2x3 — 3x2 7x — 49 


x3— 27 x2-6x+9 
x2 + 3x4+9 


5g 8x + 16 Se t2 — 16 
* 8x — 16 t? — 8t + 16 
Po Sp og Binge 
30.25 td a 
y= oy a4 w= 2 
34 10t 20t — 40 
* 6t—- 12 3023 
2-16 y+3 
37. 2 os 
2y+6 y-4 
2— 10y+9 +4 
40. » y- . y 
y= 1 7? > Sy = 36 
x2 —y2 x2 4 xy + y? 
43. ee yry 


x3 — y3 x2 + 2xy + y? 


2 — 25 
ce 
p? + 10p + 25 


og ee 
"3 + 3 
ee x2 — 16 x2 — Ax 
"x2 x2-—x- 12 
m—-n% m+n 
38 


c8+8 c*-4c+4 
“c2—-4 c2-2c+4 


4x* — 9y* 4x2 + Oxy + Oy? 
8x3 — 27y3 4x2 + 1l2xy + 9y? 


44, 
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fe ) Divide and simplify. 


Ve 
8 3 7 2 3y + 15 +5 
45. 12x ai 16x : 9a’ es 12a a7. Vy a y 
3y4 6y 8b2 —24b7 y bi 
6x + 12 +2 e= 9 +3 24 2 
48, ——— + = 49. ~ Pe ae 50. ~ eek 
x x y yre x x+A4 
4a*-1  2a-1 4 oe! 4o 16 se 12 
51. ; 52. ; 53. ; 
a*#-4 a-2 x2-9 x+3 x?-—10x +25 x*-3x- 10 
= 86 3y — 18 oe 24 5y- 14 a+4¢a  a*+8a+ 15 
54. ~ oa ul 55. = ul : a ud 56. 5) 5 
y= by +16. yroy= 12 yo-9 yr +4y- 21 a“ — 16 a> ha 20 
3 2 3 2 = 
— 64 — 16 By? + 27 4 9 
57. ~ a eich sen aD 
x34 64 x?2- 4x + 16 64y3 — 1 16y2 + 4y4+1 
Bx3y3 + 27x3 Ax2y? — 9x2 x3y — 64y x?y? — 16y? 
59. : : : 
64x3y3 — x3 16x2y?2 + Ax2y + x? x3y + 64y = x2y2 — 4xy2 + 16y? 
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Perform the indicated operations and simplify. 


r2 — 4s? | 2s 

als r+ 2s me oe 

ba y? — 2y y-1 _y?+2y-8 
“y2+y-2 y2+4y+4 y4 


Skill Maintenance 


62. 


64. 


ed d=) 5d 
d2-6d+8 d2*+5d d2-9d+ 20 


9x2 1 
x2 — l6y2 x2 + 4xy 3x 


x — Ay 


In Exercises 65-68, the graph is that of a function. Determine the domain and the range. [2.3a] 


65. 66. 


67. 


68. 


—5-4-3-2-1 


Factor. [4.7a] 


69. 6a* + 5ab — 25b? 70. 9a? — 30ab + 25b? 
73. 21p* + p— 10 74, 12m? — 26m — 10 


77. Find an equation of the line with slope —$ and 
y-intercept (0,—5). [2.6a] 


Synthesis 


Simplify. 
x(x + 1) — 2(x + 3) 
a (x + 1)(x + 2)(x + 3) 


m2 — 12 
81. 3 3 
m+ t*+m+t+ 2mt 
83. Let 
2x +3 
x)= ; 
= 


Find g(5), g(0), g(7), and g(a + h). 


71. 
75. 
78. 


80. 


82. 


123 4 5 


10x* — 80x + 70 72. 10x? — 13x + 4 


2x3 — 16x? — 66x 76. 10y? + 80y — 650 


Find an equation of the line having slope — 4 and 
containing the point (—4, 8). [2.6b] 


a® — 2a + 2a-—4 
a® — 2a* —- 3a+6 
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SKILL TO REVIEW 
Objective 4.1d: Find the opposite 
of a polynomial and subtract 
polynomials. 


Subtract. 


1. (2y — 5) — (y - 6) 
2. (3x2 +x- 4) - 
(5x? — x + 10) 


Find the LCM by factoring. 
1. 18, 30 


2. 12, 18, 24 


Answers 
Skill to Review: 
lhytl 2 
Margin Exercises: 
1. 90 2. 72 


2x2 + 2x - 14 
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(a) Finding LCMs by Factoring 


To add rational expressions when denominators are different, we first find a 
common denominator. Let’s review the procedure used in arithmetic first. To 
do the addition 


we find a common denominator. We look for the least common multiple 
(LCM) of 42 and 12. That number becomes the least common denominator 
(LCD). 

To find the LCM, we factor both numbers completely (into primes). 


42 = 2-3-7<— Any multiple of 42 has these factors. 
12 = 2-2-3<— Any multiple of 12 has these factors. 


The LCM is the number that has 2 as a factor twice, 3 as a factor once, and 7 as 
a factor once: LCM = 2- 2-3-7, or84. 


To find the LCM, use each factor the greatest number of times that it 
occurs in any one prime factorization. 


! EXAMPLE 1 Find the LCM of 18 and 24. 
Vv 
18 = Bese - 2 
The LCM is 3:3 - 2-2-2 ,or72. 
24 = 


>» } 
) 


Do Margin Exercises 1 and 2. | 


Now let's return to adding 3 and {5: 


5. % 5 fs 
+= + ; 
ae 12 «2-8-7 242-3 


Factoring the denominators 


The LCD is the LCM of the denominators, 2 - 2 - 3 - 7. To get this LCD in the 
first denominator, we need a factor of 2. In the second denominator, we need 
a factor of 7. We multiply by 1, as follows: 


s. 2 tO 10 . 49 
PGF Zo BGs F Be Ov dane Deans. 7 
59 59 
Ostaga7 ga’ 
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Multiplying the first fraction by § gave us an equivalent fraction with a de- 
nominator that is the LCD. Multiplying the second fraction by £ also gave us 
an equivalent fraction with a denominator that is the LCD. Once we had a 
common denominator, we added the numerators. 


Add, first finding the LCD of the 
denominators. 
& il 
“12 ~ 80) 
| Do Exercises 3 and 4. 
13 1 


We find the LCM of algebraic expressions in the same way that we find V2) is) 24 
the LCM of natural numbers. 
Our reasoning for learning how to find LCMs is so that we will be able to 
add rational expressions. For example, to do the addition 
7 8 


+ , 
l2xy? 15x3y 


we first need to find the LCM of 12xy? and 15x%y, which is 60x°y?. 


' EXAMPLES 


2. Find the LCM of 12xy? and 15x°y. 


We factor each expression completely. To find the LCM, we use each factor 
the greatest number of times that it occurs in any one prime factorization. 


12xy2 = Gees - x - ee; 
Factoring 
15x3y = 3 - Eee - y 


12xy? is a factor. 


‘a I 
LCM = 2-2-3-5-x-x-x-y-y = 60x3y? 
| {i —_] 


Low _ 


15x3y is a factor. 


The LCM of 12xy? and 15xy is 60x3y2. 
3. Find the LCM of x2 + 2x + 1,5x? — 5x, and x2 — 1. 


x? +2x+1= (x+1)(x+1); 


5x? — 5x = 5x(x — 1); Factoring 


x? -1=(x+1)(x-1) Both factors of x* — 1 are 
already present in the 
previous factorizations. 


LCM = 5x(x + 1) (x + 1)(x- 1) 
4. Find the LCM of x? — y”, x3 + y3, and x? + 2xy + y?. 


2 


y” = Peay (x + yy); 


x3 + y3 = (x + y) en: Factoring 


x? + 2xy + y* = (x + y)(x+ y) = (ae yy 


LCM = (x — y)(x + y)°(x? — xy + y?) } 


Answers 
a7, 7 
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Find the LCM. 
5. a*b2, 5a°b 


6. y2 + 7y + 12, y2 + By + 16, 
yrtAaA 


7. x2 —9, x3 — x2 — 6x, 2x2 


8. a2 — b2, 2b — 2a 


Answers 

5. 5a3b* 6. (y + 3) (y+ 4) (y+ 4) 
7. 2x2(x — 3) (x + 3) (x + 2) 

8. 2(a + b) (a — b), or 2(a + b)(b — a) 


) EXAMPLE 6 Add: 


Recall that —(x — 3) = -—l(x — 3) = 3 — x. If(x — 3)(x + 2) isan LCM, 
then —1(x — 3) (x + 2) = (3 — x) (x + 2) is also an LCM. 

If, when we are finding LCMs, factors that are opposites occur, we do not 
use both of them. For example, if a — b occurs in one factorization and b — a 
occurs in another, we do not use both, since they are opposites. 


EXAMPLE 5 Find the LCM of x? — y* and 3y — 3x. 


We can use (x — y) or (y — x), 


Do iP = 
x y* = aie) but we do not use both. 


3y — 3x = 3 (y— x), or—3(x — y) 
LCM = 3(x + y)(x — y), or3(x + y)(y — x),or—3(x + y)(x — y) 


In most cases, we would use the form 3(x + y) (x — y). ) 


Do Exercises 5-8. 


(b) Adding and Subtracting 
Rational Expressions 


ADDITION AND SUBTRACTION 
WITH LIKE DENOMINATORS 


To add or subtract when denominators are the same, add or subtract 
the numerators and keep the same denominator. 
A B_A+B and 2-23 - 
C C C Gc CG C 


where C # 0. 


Then factor and simplify if possible. 


3 xe A 
+ 


ae 


34x 4 3+x+4 Adding numerators and 


5 x x keeping the same denominator 
Caution! 
74x This expression does 
= : : CeX 
x not simplify to 7: # 7, 
) 
Example 6 shows that 
3+x 4 7+X 
+— and 
x x 


are equivalent expressions. They name the same number for all replacements 
for which the rational expressions are defined. 
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a = bay. 2a 97 


4 
EXAMPLE 7 Add: 


x2 — y? x2 — y2" 
4x? — 5xy 2xy—y* 4x? — 3xy — y? 
=e 2 2 y2 = 2 = Z Adding the numerators 
(4x + y) (x — y) Factoring the numerator 
(x + y) (x — y) and the denominator 
a Removing a factor of 1: 
(4x + y) Ley) 
a Add 
(x + y) (e-YJ = 
“~*~ geet axe 
_ 4x + y att y 
x+y ) 


| Do Exercises 9 and 10. 1G x-—5 x-—5 


4x +5 Pens 


x+3 x4+3° 


EXAMPLE 8 Subtract: 


4ax+5 x-2 4x +5-(x-2)< . 
= Subtracting numerators 
BRS eS x+3 
_Ax+5—x+2 A common error: forgetting these 
x+3 parentheses. If you forget them, Cubiract 
ay you will be subtracting only part a. 
= of the numerator, x — 2. 11. C= 
x+3 DsP 2 lop 2 


) 
[Do Exercises 11 and 12. "x24 y2 x2 + y? 


When denominators are different, we find the least common denominator, 
LCD. The procedure we will use is as follows. 


ADDITION AND SUBTRACTION WITH 
DIFFERENT DENOMINATORS 


To add or subtract rational expressions with different denominators: 
1. Find the LCM of the denominators. This is the least common 
denominator (LCD). 


2. For each rational expression, find an equivalent expression with the 
LCD. To do so, multiply by 1 using an expression for 1 made up of 
factors of the LCD that are missing from the original denominator. 


3. Add or subtract the numerators. Write the result over the LCD. 
4. Simplify, if possible. 


EXAMPLE 9 Add: ZA + eg 
5 2a 


We first find the LCD: LCD = 5: 2a, or 10a. 


Now we multiply each expression by 1. We choose symbols for 1 that will give 
us the LCD in each denominator. In this case, we use 2a/(2a) and 5/5: 


2a 2a , 3b 5 4a*  15b_ 4a? + 15b Answers 

5 2a 2a 5 10a 10a 10a é R+y id Sat 
Multiplying the first term by 2a/(2a) gave us a denominator of 10a. Multiply- i 2e an 2" 
ing the second term by? also gave us a denominator of 10a. ) “b+2 "x2 + y? 
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| STUDY TIPS | EXAMPLE 10 Add: 


WORKING WITH RATIONAL 
EXPRESSIONS 


The procedures covered in this 
chapter are by their nature rather 
long. It may help to write out 
many steps as you do the 
problems. If you have difficulty, 
consider taking a clean sheet of 
paper and starting over. Don't 
squeeze your work into a small 
amount of space. When using 
lined paper, consider using two 
spaces at a time, with the paper’s 
line representing the fraction bar. 


2xy — 2x2 
eee 
ie Say, 


De te 3} 
aianys 


Subtract. 
a a-—A4 


4y—-5 
“yy? — 7y + 12 


eae 
y2 + 2y- 15 


16 


Answers 
9x? + 28y 3 


21x “x+y 
3(y? + 4y + 1) 


(y— 4) (y— 3) (y + 5) 


16. 
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3x* + Say | 2 ~ 3x 


x2 — y2 


x~y 


We first find the LCD of the denominators. To do so, we first factor: 


x2 — y? = (x+y)(x-y) 


x-y=x-y 


| LCD = (x + y)(x— y). 


The first expression already has the LCD. We multiply by 1 to get the LCD in 
the second expression. Then we add and simplify if possible. 


an - + 
a a aay at Multiplying by 1 to get the LCD 
(x+y)(x-y) x-y xt+y 
3x? + 3xy (2 — 3x) (x + y) 
(x+y)(~-y) (x-y)(x+y) 
axe og 26 2p Bx 8 

= ad il sia A all Multiplying in the numerator 
(x+y)(x— y) (x — y) (x + y) 
3x2 + 3xy + 2x + 2y — 3x2 — 3xy , 

= Adding the numerators 

(x+y)(x— y) 
2x + 2y ae 

= Combining like terms 

(x+y)(x— y) 
2(x + y) 

= Factoring the numerator 
(x + y)(x— y) 

2 ne 

= ay Removing a factor of 1: ae 1 
(2+) (x — y) ary 

ae 
x-y ) 

Do Exercises 13 and 14. 
2y+1 yr+3 
! EXAMPLE 11 Subtract: ; 5 . 
y°-—7y+6 y*-5y-6 
2y+1 y+3 
oye y= 5-6 
sae i LCD = (y - 6)(y- 1) (y +1) 
= hy Ma yo 
(y¥—6)y¥-1) (YY 6)¥+t 1) 

7 2yt+1 ae y+3 yi Multiplying by 1 
Y=s)y—1) yet G-OG+l) gol wether 
Zy+Dy+)-9+3¥-DY 

= Subtracting the numerators 

yo) Diyt 1) 
(2y? + 3y + 1) — (y* + 2y - 3) Multiplying. Note the use 
y-8(y-Diy+) of parentheses. 

_ by? + 3y 4+ 1 y? — 2y +3 

(y¥—6)¥-1)y+t 1) 
y>t+y+4 The numerator cannot be factored. 
- (y- 6)(y- 1)(y+1) The rational expression is simplified. ) 


We generally do not multiply out a numerator or a denominator if it has 
three or more factors (other than monomials). This will be helpful when we 


solve equations. 


Do Exercises 15 and 16. | 
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Denominators That Are Opposites 
When one denominator is the opposite of the other, we can first multiply 
either expression by 1 using —1/—1. 


a as 
| EXAMPLE 12. Add: — + ——. 
2a —2a 
t, 2 62S) pinay tia 
ta =ta 2a =ba =1 ee ee ee | 
4 4 =a" This is equal to 1 (not —1). | 
2a 2a 
a-a? 
= —— Adding numerators 
2a 
ail + a)(1 - a) ‘ ' 
= ft 
oa actoring 
a(l+aj)(l-a 
= \ d Removing a factor of 1: fa1 Add. 
of ' bb 
_(it+aj(l-a) Ei xp) ap 
2 ) 
an Gp ese ea 
Do Exercises 17 and 18. "x-5  5-x 
ne a 
| EXAMPLE 13 Subtract: — — —_—. 
Sy —sy 
i ee ie ca eatininnwe 
iplying by — 
Sy —Sy 5y —Sy —l eer ay 
er. 
by By 
_ : ales (=33)<—_f Don’t forget these parentheses! ] 
Sy 
x2 + x3 x?(1 =F x) 
By oo By ) 
5x 3y-— 7 


. EXAMPLE 14. Subtract: . 
x-2y 2%&y--x 


5x 3y-7 5x ay? = 
x — 2y 2y—x x-2y 2y-x -l 


5x —~sy +7 Remember: (2y — x)(—1) = 
x= 2y x — 2y =2y Pe = xX — 2y. Subtract. 


nes sue ee ieee 
= ap ubtracting numerators Ay —4y 
5x + 3y —7 4x? Te 
= an ) 20. = 
He 2y EP Die 


| Do Exercises 19 and 20. 


Answers 
1+b)0=—28 2x2 + 11 
7 tO) 3g & 
3 wo 5 
ie? 11x? 
“ay “ax-—y 
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(c) Combined Additions and Subtractions 


| EXAMPLE 15 _ Perform the indicated operations and simplify. 


2x, 5 1 
x2-4° 2-x 24x 
2x 5 1 
(x-—2)(x+2) 2-x 2+x 
2x 5 i 1 Sil 
= . Multiplying by — 
(x—2)(x+2) 2-x -1 x+2 ee ee 
2x —5 1 
= LCD = (8 = 2) (e+ 2 
(x—2)(x+2) “x-2 x+2 ( J ) 
_ 2x “5  x+2 1 x72 Multiplying by 1 
(= 2) (Xe 2) MH 2 es KP? Ces to get the LCD 


2x — 5(x + 2) — (x - 2) 
= Adding and subtracting the numerators 
(4 = 2) (x 2) 
_ 2x—-5x-10-—x+2 
(x — 2)(x + 2) 
—4x — 8 
(x — 2) (x + 2) 
eo Removi f f 1; = a 
“@—-D ers oving a factor 0 ews tea 
-4 4 
or ae 


Removing parentheses 


Another correct form of the answer is 


4 
21. Perform the indicated 2-x 
Se ae It is found by multiplying by —1/—1. 
8x 2 4 


=| l=] | eT Do Exercise 21. 


Calculator Corner 


Checking Addition and 
Subtraction Use the TABLE 


feature, as described on p. 416, to check 
the sums and differences in Examples 6, 
8, 11, and 15. Then check your answers to 
Margin Exercises 15 and 21. 


Answer 
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Exercise Set 


For Extra Help 


MyMathLab y 


mg ME G = B 


PRACTICE WATCH DOWNLOAD READ REVIEW 


(a) Find the LCM by factoring. 


1. 15, 40 2. 12, 32 


5. 30, 105 


6. 24, 60 


Add. Find the LCD first. 


5 4 
—+— 
6 15 


Find the LCM. 
15. 21x2y, 7xy 


16. =o. 

21. 5y — 15, y2 - 6y + 9 

23. y* — 25,5 -y 

25. 2r2 — 5r — 12, 3r2 — 13r + 4, r2 — 16 
27. x° + 4x3, x3 — 4x2 + 4x 


29. x° — 2x4 + x3, 2x3 + 2x, 5x +5 


5 13 
ieee ae 
10.72 * 18 


16. 18a2b, 50ab2 


19. 15ab2, 3ab, 10a3b 


3. 18, 48 4. 45, 54 
7.9, 15, 5 8. 27, 35, 63 
7 
ose 
a 36 «24 
i422 
“8g 12 40 


17. y* — 100, 10y + 100 


20. 6x2y*, 9x3y, 15y3 


22. x2 + 10x + 25, x2 + 2x - 15 


24. x° — 36,6—x 


26. 2x2 — 5x — 3, 2x2 --x-—1, x7 -6x +9 


28. 9x3 + 9x2 — 18x, 6x + 24x4 + 24x3 


30. x° — 4x4 + 4x3, 3x2 — 12, 2x + 4 
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~ 
(b )} Add or subtract. Then simplify. If a denominator has three or more factors (other than monomials), leave it in factored form. 


t—2y.. 249 — 8b + 13b 4y +3 —2 
i 2 ue oe eee 
x+y x+y at+b at+b y-2 y-2 
3t+2 t-4 a’ b? r2 s? 
34. =e. =. 35. +f 36. a 
t-4 t-4 a-b b-a FS $= 7 
6 7 4 9 4a — 2 5 + 3a 
iY Pee 38. — — — 39. t 
ve ey x -x a*—49 49 - a? 
ay 3 4= 3 b3 3 ° 
i= St a es 
y2-1 1-Yy? a-b b-a x2—y2 | y2— x2 
-2 yt+3 _ 4 
43. raed a4, X22 4 et2 
yra°  y=5 x+3 x-4 
Axy Hy 5ab a+b 
45.5 4+ 46. ———,, + 
x? — y? Lay az —b* a-b 
9x + 2 7 3y + 2 8 
47. + 48. + 
3x*-—2x-8 3x*+x-4 2y2-y-10 2y*-7y+5 
+ — a S 
7, lea er rer She 
x+1 x2-1 x-1 y+2 y-2 ye-4 
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; x-1 x+3 2 y-2 y+6 53 Sab_ _a—b 
"3x+15 5x + 25 “ay+8 5y+ 10 “@2—p2 at+b 


6. x+ 3 2 5 3. 
54. -~ 55. —— _— 56. is as 
x?—-y* x-y y?-—7y+10 y*— By + 15 x? -6x+8 x2-x- 12 
2 6 5 3y + 2 v4 
57. ud + 58. + 59. - + 
y?>-y-20 yt4 y>+6y+9 y*-9 y?+5y— 24 y*+ 4y— 32 
sy + 2 2 3x5 1 +4 3p — 2 =—3 
"ees id ee : ee e 
y2-—7y+10 y*— By + 15 x? +2x-3 x2-9 p2+2p—-24 p*-16 


a 
(Cc) Perform the indicated operations and simplify. 


1 242 2 242 
63. a ee 64. Bee 
x+1 x-2 y2-x-2 y+3 y-1l yo 2 =3 
—3 cogs) 7 =i +1 = 6 
65. > reed 66. ~ ee 
y-4 y+4 y? — 16 x-2 KE 2 x2—4 
+2 ee 73 6 1 1 
67.2 ~+~4 = 68, 2 x 
y+4 y*-16 y-4 x*-4 x-2 x+2 
5 2 3 
69. 4x 3x 4 70. y JY ; 
x?-1 l1-x x-1 l1-2y 2y+1  4y*-1 
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x+5 x+2 6x + 10 
x-3 x+1 x2 — 2x -—3 


Skill Maintenance 


Graph. [3.7b] 


75. 2x — 3y > 6 76.y—-—x>3 
Factor. [4.6d] 
79. 3 — 8 80. g? + 125 


83. Find an equation of the line that passes through the 


point (4, —6) and is parallel to the line 3y + 8x = 10. 


[2.6d] 


Synthesis 


85. Determine the domain and the range of the function 
graphed below. 


-5-4-3-2-1 123 45 xX 


Perform the indicated operations and simplify. 
x+yt1l . xt+y—1 x= yo 


8. +l)  x-y-) 1-y-%) 


77. 5x + 3y = 15 78. 5x — 3y = 15 


81. 23x4 + 23x 82. 64a° — 27b3 


84. Find an equation of the line that passes through 
the point (—2, 3) and is perpendicular to the line 
5y + 4x = 7. [2.6d] 


Find the LCM. 
86. 18, 42, 82, 120, 300, 700 


87. x8 — x4, x9 — x2, x9 — x3, x9 + x? 


88. The LCM of two expressions is 8a4b’. One of the 
expressions is 2a3b’. List all possibilities for the 
other expression. 
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A rational expression represents division. “Long” division of polynomials, like 
division of real numbers, relies on our multiplication and subtraction skills. 


(a) Divisor a Monomial 


We first consider division by a monomial (a term like 45x!° or 48a2b°). When 
we are dividing a monomial by a monomial, we can use the rules of expo- 
nents and subtract exponents when the bases are the same. (We studied this 
in Section R.7.) For example, 


a ae 
3x43 7 


48a2b° 48 
15x® and A 


2=17-5=2 — 3 
a° *b = —l6ab”. 
—3ab2, 3 


When we divide a polynomial by a monomial, we break up the division into a 
sum of quotients of monomials. To do so, we reverse the rule for adding frac- 
tions. That is, since 
A, B_A+B 
(Oe & Cc” 


A+B 


A 
we know that = C + 


alt 


{ EXAMPLE 1 Divide 12x° + 8x? + x + 4 by 4x. 
12x3 + 8x2 +x+4 
4x 
12x3 
= + + 
4x 4x 4x 


Writing a fraction expression 


8x? x 4 Dividing each term of the numerator 
» 4x by the monomial 


T acl 
= 3x + 2x + ri + . Doing the four indicated divisions 


OD 
[ Do Margin Exercise 1. 


| EXAMPLE 2 Divide: (8x4y> — 3x3y4 


Gx?) ey): 


Bx4y> — 3x3y4 4+ 5x2y3 Bx4ty5 = 3x3y4 55 x4y3 
x2y3  x2yS yg 2yS  y2y8 
= 8x*y* — 3xy + 5 i 


DIVIDING BY A MONOMIAL 


To divide a polynomial by a monomial, divide each term by the 
monomial. 


| Do Exercises 2 and 3. 


(b) Divisor Not a Monomial 


When the divisor is not a monomial, we use a procedure very much like long 


division in arithmetic. 


SKILL TO REVIEW 
Objective R.7a: Use exponential 
notation in division. 
Divide and simplify. 
15w® 
* 3w4 
36x8yl5 
: —4x3y10 


x3 + 16x2 + 6x 
2x i: 


1. Divide: 


Divide. 
2. (15y® — 6y4 + 18y3) + (3y?) 


Sao lx 7 lex 
(2x“y) 


Answers 
Skill to Review: 
1. 5w2 = 2, —9x5y5 
Margin Exercises: 
2 
x 
1. = + 8x + 
2 8x +3 
x2y2 
3. a + xy + 8 


2. Sy? — 2y2 + by 
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| EXAMPLE 3 Divide x? + 5x + 8byx + 3. 
We have 


x <—_____— Divide the first term by the first term: x?/x = x. 
x + 3)x? + 5x +8 
N_12 + 3x<—_ Multiply x above by the divisor, x + 3. 


2x <—— Subtract: (x* + 5x) — (x? 


+ 3x) =x? + 5x — x? — 3x 
= 2x: 
We now “bring down” the other terms of the dividend—in this case, 8 


x + 2<———— Divide the first term by the first term: 2x/x = 2. 
x + 3)x2 + 5x + 8 


x2 + 3x 


2x + 8 <— The 8 has been “brought down.” 
2x + 6 <— Multiply 2 above by the divisor, x + 3. 


2<—Subtact (2x4 8) = (2e +6) = 248 = 22 = 6 


The answer is x + 2, R 2; or 


x+2+ 


Peay This expression is the remainder 
over the divisor. 


Note that the answer is not a polynomial unless the remainder is 0. 


To check, we multiply the quotient by the divisor and add the remainder 
to see if we get the dividend: 


Divisor Quotient Remainder Dividend 
———" i) ne —_ 
(x+3) - (x+2) + 2 = (x? + 5x +6) +2 
= x24+5x4+8. 
The answer checks. ) 
| EXAMPLE 4 Divide: (5x4 + x3 — 3x2 — 6x — 8) + (x — 1) 
5x3 + 6x2 + 3x — 3 
x—1)5x4+ x3 -— 3x2-6x-—8 
5x4 — 5x3 Subtract: 
aye = 3x2 (5x4 + x3) — (5x4 — 5x3) = 6x3. 
6x3 — 6x2 Subtract: 
See Gy (6x3 — 3x2) — (6x3 — 6x?) = 3x2. 
3x2 — 3x Subtract: 
aa 9. (38° = Gx) — Gar = Ox) = Sa, 
=—3x +3 Subtract: 
4, Divide and check: ati eR ee) 1. 
= ) 2 a Fi 
x — 2)x* + 3x — 10. The answer is 5x2 + 6x2 + 3x — 3,R—lljor 
5. Divide and check: 3 2 -11 
A 3 D ; 5x? + 6x" + 3x —- 34 , ) 
(Qe sb Dee? = se ie ae Q) 3 x-1 
(x + 4). 


Do Exercises 4 and 5. 


Answers 
4.x+5 5. 2x3 - 5x2 + 19x — 83, R341; 
7 9 341 
or 2x 5x* + 19x — 83 + 
x+4 
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When dividing polynomials, remember to always arrange the polynomi- 
als in descending order. In a polynomial division, if there are missing terms in 
the dividend, either write them with 0 coefficients or leave space for them. 
For example, in 125y> — 8, we say that “the y2- and y-terms are missing.” We 
could write them in as follows: 125y3 + Oy? + Oy — 8. 


|) EXAMPLE 5. Divide: (125y? — 8) + (5y — 2). 


25y? + l0y + 4 When there are missing terms, we can 
5y — 2)125y3 + Oy? + Oy— 3 =< write them in. 
125y> — 50y2 — Subtract: 
50y2 + oy 125y3 — (125y3 — 50y2) = 50y?. 
50y2 — 20y Subtract: 50y? — (50y” — 20y) = 20y. 
20y — 8 
20y — 8s Subtract: (20y — 8) — (20y — 8) = 0. 
0 
The answer is 25y? + 10y + 4. ) 


6. Divide and check: 
|__Do Exercise 6. (9y4 + 14y? — 8) + (3y + 2). 


Another way to deal with missing terms is to leave space for them, as we 
see in Example 6. 


) EXAMPLE 6 Divide: (x* — 9x* — 5) + (x - 2). 
Note that the x3- and x-terms are missing in the dividend. 


x3 + 2x2 — 5x — 10 


x — 2)x4 — 9x? — 5<— We leave spaces for missing terms. 
x4 — 2x3 < Subtract: x4 — (x4 — 2x3) = 2x3, 
2x3 — 9x2 
2x3 — 4x2 < Subtract: 
= eee (2x3 — 9x2) — (2x3 — 4x?) 5x”, 
— 5x? + 10x Subtract: 
—10x—- 5 5x2 ( 5x2 t 10x) —) 10x. 


— 10x + 20 - Subtract: 
95° (-10x — 5) — (-10x + 20) = —25. 


The answer is x2 + 2x2 — 5x — 10, R —25; or 
—25 Divide and check. 
ae ) Ao) = lly ee) eG = 8) 


Do Exercises 7 and 8. 8. (x3 + 9x2 — 5) + (x - 1) 


Answers 

6. 3y3 — 2y2 + 6y — 4 

7. y* — 8y — 24, R—66; or 
—66 
y-3 

8. x2 + 10x + 10,R5; or 


y? — By — 244+ 


x? + 10x + 10+ 


= 1 
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9. Divide and check: 


(y= ys 6) G3) 
Answer 
3y — 27 
9. y— 11,R(3y — 27);ory— 11+ 3 
yous: 
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When dividing, we may “come out even” (have a remainder of 0) or we 
may not. If not, how long should we keep working? We continue until the 
degree of the remainder is less than the degree of the divisor, as in the next 
example. 


| EXAMPLE 7 Divide: (6x3 + 9x2 — 5) + (x — 2x). 


6x + 21 
x2 — 2x)6x3 + 9x2 + Ox —5 We have a missing term. 
6x3 — 12x2 We can write it in. 
21x? + Ox 
21x” — 42x 


42x —5 The degree of the remainder, 1, is 
less than the degree of the divisor, 2, 
so we are finished. 


The answer is 6x + 21,R (42x — 5); or 
42x — 5 


6x + 21+ . 
x2 — 2x ) 


Do Exercise 9. | 


(¢) Synthetic Division 


To divide a polynomial by a binomial of the type x — a, we can streamline the 
general procedure by a process called synthetic division. 

Compare the following. In A, we perform a division. In B, we also divide 
but we do not write the variables. 


A. 4x2 + 5x + 11 B. 4+5411 
x — 2)4x3 — 3x2 + x4+ 7 {24532 147 
4x3 — 8x2 4-8 
5x27 +0 Ox 5+ 1 
5x2 — 10x 5-10 
llx+ 7 ll+ 7 
lix = 22 i — oF 
29 29 


In B, there is still some duplication of writing. Also, since we can subtract 
by adding the opposite, we can use 2 instead of —2 and then add instead of 
subtracting. 


Rational Expressions, Equations, and Functions 


C. Synthetic Division 


a) 2/4 -3 1 7 Write the 2, the opposite of —2 in the divisor x — 2, 
and the coefficients of the dividend. 


4 Bring down the first coefficient. 


8 Multiply 4 by 2 to get 8. Add 8 and —3. 


\ 8 10 Multiply 5 by 2 to get 10. Add 10 and 1. 
8 10 _ 22 Multiply 11 by 2 to get 22. Add 22 and 7. 
4 5 11129 


Quotient Remainder 


The last number, 29, is the remainder. The other numbers are the coefficients 
of the quotient with that of the term of highest degree first, as follows. Note 
that the degree of the term of highest degree is 1 less than the degree of the 


dividend. 
4 5 11 | 29 <— Remainder 
A 
Zero-degree 
coefficient 


First-degree 
coefficient 


Second-degree 
coefficient 


The answer is 4x2 + 5x + 11,R29; or 4x2 + 5x + 11+ 


x-2° 


It is important to remember that in order for synthetic division to 
work, the divisor must be of the form x — a, that is, a variable minus a 
constant. The coefficient of the variable must be 1. 


! EXAMPLE 8 Use synthetic division to divide: 
(x3 + 6x2 — x — 30) + (x - 2). 


We have 
2|1 6 -1 —30 
2 16 30 10. Use synthetic division to divide: 
1 8 15 0 (2x3 — 4x? + 8x — 8) + (x — 3). 
The answer is x2 + 8x + 15, R0;orjust x2 + 8x + 15. a 


Do Exercise 10. Answer 


10. 2x2 + 2x + 14,R34; 


or 2x2 + 2x + 14+ 


34 
r= 3 
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When there are missing terms, be sure to write 0’s for their coefficients. 


' EXAMPLES Use synthetic division to divide. 
9. (2x3 + 7x2 — 5) + (x + 3) 


There is no x-term, so we must write a 0 for its coefficient. Note that 
x + 3 =x — (—3), so we write —3 at the left. 


-3|2 7 O -5 
-6 -3 9 
2 1 -3/ 4 


4 


The answer is 2x2 + x — 3,R4;or2x*+x- 34 : 
GES: 


10. (x3 + 4x2 — x -— 4) + (x + 4) 
Note that x + 4 = x — (—4), so we write —4 at the left. 
—4j1 4 -1 -4 
—4 0 4 
1 0: =I 0 
The answer is x2 — 1. 
ll. (x* -— 1) + (x -— 1) 
The divisor is x — 1, so we write 1 at the left. 


111 0 0 0 -1 
oe ae | 


1 i 11 0 
The answer is x2 + x2 + x41. 
12. (8x° — 6x3 + x — 8) + (x + 2) 
Note that x + 2 = x — (—2), so we write —2 at the left. 
-2\8 0-6 O 41. -8 
—-16 32 -52 104 ~-—210 
8 -16 26 ~-—52 105 | —218 


The answer is 8x4 — 16x3 + 26x” — 52x + 105, R —218; or 


Eee ois pide. 9] 
Use synthetic division to divide ax4 — 16x3 + 26x2 — 52x + 105 4 8 
11. (x3 — 2x2 + 5x — 4) + (x + 2) Ko 2 ) 


12) Do Exercises 11 and 12. | 


Answers 


1l. x? — 4x + 13, R30; 


orx? — 4x +13 + ast 
KE 2 


12. y2-y+1 
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: For Extra Help —_— »p 
Exercise Set MyMathLab | 0 F 8. @ 
(a) Divide and check. 


‘ 24x8 + 18x — 36x2 P 30y® — 15y® + 40y4 
? 6x2 : 5y4 
45y? — 20y* + 15y2 A 60x8 + 44x5 — 28x3 
, 5y2 ° 4x3 
5. (32a4b? + 14a3b? — 22a*b) + (2a2b) 6. (7x3y4 — 21x2y3 + 28xy2) + (7xy) 


(b) Divide. 


7. (x2 + 10x + 21) + (x + 3) 8. (y2 — By + 16) + (y — 4) 9. (a* — 8a — 16) + (a+ 4) 
10. (y* — 10y — 25) + (y—5) 11. (x? + 7x + 14) + (x + 5) 

12, (t? — 7t- 9) + (t- 3) 13. (4y3 + Gy? + 14) + (2y + 4) 

14, (6x3 — x2 — 10) + (3x + 4) 15. (10y? + 6y2 — 9y + 10) + (5y — 2) 

16. (6x3 — 11x? + 11x — 2) + (2x — 3) 17. (2x4 — x3 — 5x2 + x — 6) + (x? + 2) 

18. (3x4 + 2x3 — 11x? — 2x + 5) + (x? - 2) 19, (2x5 — x4 + 2x3 — x) + (x? — 3x) 


20. (2x5 + 3x3 + x2 — 4) + (x2 + x) 
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(c) Use synthetic division to divide. 


4 
21. (x3 — 2x2 + 2x — 5) + (x- 1) 22. (x3 — 2x2 + 2x — 5) + (x4 1) 23. (a2 + lla — 19) + (a+ 4) 
24, (a2 + lla — 19) + (a-— 4) 25. (x3 — 7x? — 13x + 3) + (x - 2) 26. (x3 — 7x? — 13x + 3) + (x + 2) 
27. (3x3 + 7x* — 4x + 3) + (x + 3) 28. (3x3 4 4x + 3) + (x — 3) 29. (y? — 3y + 10) = (y — 2) 
30. (x3 — 2x” + 8) + (x + 2) 31. (3x4 18) + (x — 3) 32. (6y* + 15y? + 28y + 6) + (y+ 3) 
33;.(x° = 8) = (4 = 2) 34. (y? + 125) + (y + 5) 35,-(y? = 16) = G = 2) 
36. (x° — 32) + (x — 2) a7. = Heir i) 38. (y® — 2) + (y— 1) 
Skill Maintenance 
Graph. [3.7b] 
39. 2x —- 3y <6 40. 5x + 3y = 15 4l.y>4 42.x = -2 
Graph. § [2.2c| 
43. f(x) = x? 44, g(x) =x*- 3 45. f(x) = 3 — x? 46. f(x) = x? + 6x + 6 
Solve. [4.8a] 


47. x* — 5x = 0 48. 25y? = 64 


Synthesis 


51. Let f(x) = 4x3 + 16x? — 3x 
solve f(x) = 0. 


53. When x2 — 3x + 2kis divided by x + 2, the remainder 


is 7. Find k. 
Divide. 
55. (4a3b + 5a2b? + a* + 2ab3) + (a* + 2b? + 3ab) 
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45. Find f(—3) and then 


49. 


52. 


54. 


56. 


12x2 = 17x +5 50. 12x2 + llx+2=0 


Let f(x) = 6x3 — 13x? 
solve f(x) = 0. 


79x + 140. Find f(4) and then 


Find k such that when x3 — kx? + 3x + 7kis divided 
by x + 2, the remainder is 0. 


(a’ + b’) + (a+b) 
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@) 


A complex rational expression is a rational expression that contains ra- 
tional expressions within its numerator and/or its denominator. Here are 
some examples: 


5 x—y 3x 2 


2 1+ The rational expressions 
3 x+y 5 x within each complex 

4’ 4x ’ 2x-—y’ 4x 7° rational expression 

5 3xt+y 3 6x  arered. 


There are two methods that can be used to simplify complex rational 
expressions. We will consider both of them. 


Method 1: Multiplying by the LCM of All the Denominators 


Method 1.To simplify a complex rational expression: 


. First, find the LCM of all the denominators of all the rational 
expressions occurring within both the numerator and the 
denominator of the (original) complex rational expression. 


. Multiply by 1 using LCM/LCM. 


. If possible, simplify. 


n+ 
EXAMPLE 1 Simplify: r 
Bs 


We first find the LCM of all the denominators of all the rational expres- 
sions occurring in both the numerator and the denominator of the complex 
rational expression. The denominators are 3 and 5. The LCM of these denom- 
inators is 3 - 5, or 15. We multiply by 15/15. 


xti [xt 
5 


5 15 —e 
- i = = 1 “15 Multiplying by 1 
3 3 
1 
(« + ) 5 
= 5 Multiplying the numerators 
1 and the denominators 
(« => |< 15 
3 
1 
15x + —-15 
_ 5 Carrying out the multiplications 
1 using the distributive laws 
16x= —* 15 


15x+3  3(5x + 1) ee ee ee ee 
= , Or No further simplification is possible. 
15x-5  5(3x — 1) 
’ 


SKILL TO REVIEW 
Objective 5.le: Divide rational 
expressions and simplify. 


Divide and simplify. 
5x- 10  x-2 
Lo 
x x? 
a27—-49  at+7 


a+3 ad 


To the instructor and the student: 
Students can be instructed to try 
both methods and then choose 


the one that works best for them, 
or one method can be chosen by 
the instructor. 


Answers 


Skill to Review: 
1. 5x4 2a-7 
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In Example 1, if you feel more comfortable doing so, you can always write 
denominators of 1 where there are no denominators written. In this case, you 
could start out by writing 


x 1 
1. Simplify. Use method 1. i * 5 
1 x 1 
+ ‘as: ieeesad eee, * ead 
ae) 1 3 
aol 
J Fi Do Exercise 1. | 
1 
Lee 
| EXAMPLE 2 Simplify: i" 
1 feats 3 
ga 


We first find the LCM of all the denominators of all the rational expres- 


Calculator Corner sions occurring in both the numerator and the denominator of the com- 


plex rational expression. The denominators are x and x”. The LCM of these 
Checking the denominators is x”. We multiply by x2/x?. 
Simplification of Complex l l 
Rational Expressions Use be . 1+ > \ ,2 The LCM of the denominators is x”. 
= ee 2 
a table or a graph to check the 7 I Woman x. 
simplification of the complex rational 1 a 1 is x 
expressions in Examples 1 and 2 and 
Margin Exercises 1 and 2. See the (: + ) ogg 
Calculator Corners on pp. 339 and 350 = = Multiplying the numerators 
for the procedures to follow. (: a 5) gt and the denominators 
L J x? 
x2 ae a . x2 
_ x Carrying out the multiplications 
2 1 2 using the distributive laws 
RP = 5 Sw 
x2 
_ xP +x 
x? -1 
x(x + 1) . 
= Factoring 
(xb LL) = 1) 
x + 
: : = es) Removing a factor of 1: 1 
2. Simplify. Use method 1. (w--TJ (x — 1) xe 
j= 1 = x 
2 x-1 ) 
i = 


I 
x2 Do Exercise 2. | 


Answers 
l4y+7 7(2y+1) 7 
* , Or a 
14y — 2 2(7y — 1) x+1 
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EXAMPLE 3. Simplify: ————— 


The denominators are a, b, a°, and b?. The LCM of these denominators is 
a°b?, We multiply by a3b3/(a3b?). 


1 1 1 1 
2 8 - + > a3p3 The LCM of the denominators 
_ ; a8 
1 1 1 1] a3p3 is a3b3, We multiply by 1: = _ 
3 3 37 23 a~b 
a b a b 
1 1 
(om 
_\a_b Multiplying the numerators and 
1 1 the denominators 
& + 3) a%b® 
a b 


1 1 

= axb3 el 2 a®b3 

a b Carrying out the multiplications 
1 1 using a distributive law 
ae tae 8 


a Simplify. Use method 1. 
253 3p2 2p2(b + i, il 
oer a = ev sa) Factoring Prac a 
b8+a3 (b+ a)(b? — ba + a?) 7 oe 
a2b*(b-+a) pie =i 
= Removing a factor of 1: a a b 
(b+a) (b? — ba + a?) b+a 
a*b? dew 
~ p= ba t+ a2 ) pee 
ae 
(Do Exercises 3 and 4. a be 
Method 2: Adding or Subtracting in the Numerator 
and the Denominator 
Method 2. To simplify a complex rational expression: 
1. Add or subtract, as necessary, to get a single rational expression in 
the numerator. 
2. Add or subtract, as necessary, to get a single rational expression in 
the denominator. 
3. Divide the numerator by the denominator. 
4. If possible, simplify. 
We will redo Examples 1-3 using this method. 
Answers 
‘ bta ab? 
“b-a p+ ab+ a? 
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x+e 
| EXAMPLE 4 Simplify: ge 
pecs 
3 
x + 1 xX: 5 + 1 oe To get a single rational expression 
5 oS 2. 9 in the numerator, we note that the 
1 1 1 LCM in the numerator is 5. We 
a 8 a multiply by 1 and add. 


To get a single rational expression 


Z 5 __39 in the denominator, we note that 
3 1 3x-1 the LCM in the denominator is 3. 
He 3.3 3 We multiply by 1 and subtract. 
_oxt1 3 Multiplying by the reciprocal 
5 3x — 1 of the denominator 


, Or No further simplification is possible. 
15x — 5°” 5(8x — 1) PF 


) 
1 
1+ . 
|! EXAMPLE 5 Simplify: i 
1 = es 
x2 
x. 1 Finding the LCM in the numerator 
1+-— i some cp eas 
x x x and multiplying by 1 
1- 1 7 1 3 1 Finding the LCM in the denominator 
x2 x2 x2 and multiplying by 1 
x 1 
— + — 
_ xX x 
xe od 
xe gP 
x+1 
__* Adding in the numerator and 
x2 -—] subtracting in the denominator 
x2 
Simplify. Use method 2. 2 sige : 
x+1l x Multiplying by the reciprocal 
yt i" ~  y x2 YY of the denominator 
5. i i : 
— il (e444) xXx pane and removing a factor of 1: 
7 — _ = 
x(x — 1) (e+-Ty x(x +1) 1 
be oo 
ee x—1 ) 
1 
1 See 
ae Do Exercises 5 and 6. ] 
Answers 
My+7 7(2y +1) x 
“Tay 2 ay 1) e+ 
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1 1 
ab 
a Pp 
The LCM in the numerator is ab, and the LCM in the denominator 
is a3b3, 
1 rm 1 1 ; b 1 a 
a b ab ba 
eee 1 BB 1 @ 
a b3 a3 b3 sb , a? 
bw 
_ ab ab 
ps a? 
a*b?— ap 
bt+a 
= ab Adding in the numerator 
b? + a3 and the denominator 
a°b 
b+a_ ab? Multiplying by the reciprocal 
a ae ee of the denominator 
(b + a)a%b3 Simplify. Use method 2. 
Sys a 1 il 
i443 aes 
ab(b? + a”) . . F . 4 b 
; 22 actoring and removing a Sea 
ab(b-+a) (b? — bat a’) factor of 1: ab(b + a) =] 
a2b2 ik 
b2 — ba + a? ) gut b 
nea 


| Do Exercises 7 and 8. a> bs 


STUDY TIPS 


TIME MANAGEMENT 


Here are some additional tips to help you with time management. 


e Keep onschedule. Your course syllabus provides a plan for the semes- 
ter’s schedule. Use a write-on calendar, daily planner, PDA, or laptop 
computer to outline your time for the semester. Be sure to note 
deadlines involving writing assignments and exams so that you can 
begin a big task early, breaking it down into smaller segments that will 
not overwhelm you. 


e Are you a morning or an evening person? If you are an evening person, 
it might be best to avoid scheduling early-morning classes. If you are a 
morning person, you will probably want to schedule morning classes if 
your work schedule and family obligations will allow it. Nothing can 
drain your study time and effectiveness like fatigue. 


Answers 
s bta a2b2 
“b-a " p2 + ab + a2 
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For Extra Help 


| Mathéyy> a — 
MyMathLab oe LA 28 READ REVIEW 


3 3 x a 5 2 
ant ie rae 83 
iy 2. 3. 4. 
1 2 3 1 3. 5 
t= ee: a Se 
A 4 2 4° 6 
= a’ 9x? — y? 42 = 16H? 
2 5 x 
5, Y_ 5. 2 ee ae 3, 
a at 3x — y a+ 4b 
x b? y b 
1 
— +2 —+6 Poe yr 
: x y 
9. 10. —— 11. 12, —— 
1 1 1 1 
=o] —-5 x+— yoo 
a x y 
13. 14. 2 15. 16. : 
4_3 14 ea? es 
x y y @ a 9x 
lil es 1 ot 1 it 
a b x y xth x a-h a 
17. ——— 18. ——— 19 20. 
a? — b? x2? h h 
ab xy 
It may help you 
. h 
to write has. 
x?-—x- 12 yo-y=6 1, 4 i : 
Bs Bae 2_ 5y- 14 +2 - —4 +5 z 
1 22, > 2S 2S ata 2 
a? Bee 18 y? + 6y+5 a, 6 , 2 zZ 
x2 — 5x — 14 y2 — 6y—7 x-3 x+2 y+5 y-A = 
© 
4 
5 
3 
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x2 —4 De aes 
25. 26. 
2 7 _ 4 : 1 2 
x2-4 x-2 x*7-1 x24+3x+2 
3 1 
2 2 
x*+2x-—3 x*—-—3x- 10 
29. 
3 1 
x*?-—6x+5 x%+5x+6 


Skill Maintenance 


Solve. [1.3a] 


31. Moving Freight. Most freight in the United States is 
moved by truck. The total percent of freight moved by 
truck and rail is 84%. If the percent of freight moved 
by truck is 9% more than four times the percent moved 
by rail, what percent is moved by truck? 

Source: U.S. Freight Transportation Forecast to 2020 


Factor. [4.3a], [4.4a], [4.6d] 


33. 4x3 + 20x + 6x 34, y3+ 8 


37. 1000x° + 1 38. 1 — 1000a 


+ 
41. Solve for s: T = 2 


[1.2a] 


43. Given that f(x) = x* — 3, find f(—5).  [2.2b] 


Synthesis 


For each function in Exercises 45-48, find and simplify 


3 5 
45. => 46. = — 
ia=S ie = 
Simplify. 
ba by oy 
49. . . 
6x7! — 6y 1 + 12x 1y1 
Find the reciprocal and simplify. 
pol 
, 1 a 
1a] I, el aa 52. 
x a-1l 


27. 


30. 


32. 


a | jt _1 
2 2 2 42 
Zz w b c 
28. 
ay ar ae 
2 ws b? 3 
1 | 1 
ae+7a+12 azt+a—6 
1 1 


a2+2a-8 at+5at+4 


Tax Code. The 1969 publication explaining the tax code 
contained 16,500 pages. The 2009 publication contained 
12,180 fewer pages than five times the number of pages 
for 1969. How long was the tax code for 2009? 

Source: CCH Inc. 


f(a + h) — f(@) 
— 


35. y3> — 8 36. 2x3 — 32x? + 126x 
39. y3 — 64x3 40. 5a — 343 
42, Graph: f(x) = —3x + 2. [2.2c] 
44. Solve: |2x — 5| = 7. [1.6c] 
47. f(x) = — 48. f(x) = — 
° 1-x : 1l+x 
sii 8 
: ~ : a4 
50. 
AS 
-1 
x= 3 
rast es ee 
“a+b ' "x x2 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. For synthetic division, the divisor must be in the form x — a. [5.3c] 


2. The sum of two rational expressions is the sum of the numerators over the 
sum of the denominators. [5.2b] 


(= 5)\(% + 4) 
x—A4 


3. The domain of f(x) = is {xlx # 5andx # —4andx # 4}. [5.1al 


Guided Solutions 


Fill in each blank with the number or expression that creates a correct solution. 
Kae Nah: 


t 
4. Subtract: 

G4 Neate 
Cee oe a Mecca 


X=4 “X23 %eFe-4 [| x+3. 


[5.2b] 


i = iE 
(L)) (x + 3) (L)) (x — 4) 
] _be 192-6 ei leet 
(L])) (x + 3) 
Ix? + Lx - 
(x — 4) (L]) 
ee 
- ‘ m 
5. Simplify: i [5.4a] 
—-5 
m 
il 1 
m i 3 . m T 3 a [ on 8 
il 1 Zl — rill 
5 5 LJ-5 
m m 
Mixed Review 
Find the domain of each function. [5.1a] 
x+5 -3 x2-—9 
Lie) => = 7. g(x) = See) ————$—$———— 
Fx) x? — 100 B(x) ey ) x2 + 8x-—9 
Simplify. [5.1c] £ 
24p? 42y — 3 x2 — 2 s 
—— ig, eee 3 
36p 33 x+y z 
i=} 
z 
a 
2 = 
B07 = 39 = Sil) Shee = 18} 3-¢ = 
12. 13. 14, & 
dere Aye 12 9 oa + 18 fae e 
b 
aS 
Qa 
8 
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Find the LCM. [5.2a] 
15. x3, 14x2y, 35x4y 16. x2 — 25, x2 — 10x + 25, x2 + 3x — 40 


Perform the indicated operations and simplify. 


45 Kata 3x = 1 3 q Gail 
ie + Bali 18. oF ve 19. = ays 
Oe Sea a Sg eo ree: q zl 
: il 
2 3y+1 b_ Qe 2, 
oo ul eee 1 [5.4al ye [5.1d] 
yo ays yy =o LS 5w- 52 wWtZ 
b2 
e-—8 244-3 Se | 2a x*—4x  x* — 8x + 16 
23. : pat 24. + — [5.2b] 25, 5.1 
3: r+ 3 t-2 pe 3 5¢ x*+2x x2+4x+4 ae 

Divide and if there is a remainder, express it in two ways. Use synthetic division in Exercises 28-30. [5.3b, c] 

26. (6x2 — 5x + 11) + (2x — 3) 27. (x4 -— 1) + (x +1) 

28. (2x3 — x2 + 5x — 4) + (x + 2) 29. (x? — 4x — 12) + (x - 6) 

30. (x4 — 3x2 + 2) + (x + 3) 31. (15x2 — 2x + 6) + (5x + 1) 

Understanding Through Discussion and Writing 

32. Explain how synthetic division can be useful when 33. Do addition, subtraction, multiplication, and division 
factoring a polynomial. [5.3c] of polynomials always result in a polynomial? Why or 

why not? = [5.1d], [5.2b], [5.3b] 

34. Is it possible to understand how to simplify rational 35. Janine found that the sum of two rational expressions 
expressions without first understanding how to was (3 — x)/(x — 5), but the answer at the back of the 
multiply? Why or why not? = [5.1c] book was (x — 3)/(5 — x). Was Janine’s answer correct? 

Why or why not? [5.2b] 
36. Nancy incorrectly simplifies (x + 2)/x as follows: 37. Explain why it is easier to use method 1 than method 2 
eho ¥en to simplify the following expression. [5.4a] 
= = 23. 

BG x cope 

She insists that this is correct because when x is replaced bd 
with 1, her answer checks. Explain her error. [5.1c] aie 

b od 


Mid-Chapter Review: Chapter 5 451 


SKILL TO REVIEW 
Objective 4.8a: Solve quadratic 
and other polynomial equations by 
first factoring and then using the 
principle of zero products. 


Solve. 
1. x2 — 3x - 18 =0 
2. 3x2 — 12x =0 


Answers 


Skill to Review: 
1, =3,'6. 2. 0,4 


452 CHAPTER 5 


(a) Rational Equations 


In Sections 5.1-5.4, we studied operations with rational expressions. These 
expressions do not have equals signs. Although we can perform the opera- 
tions and simplify, we cannot solve them. Note the following examples: 


x+y x+y 
cae oe cee 
| 


Operation signs occur. There are no equals signs! 


Hite 222 
x27-4 ynx-3' 


at+7 5 
a* — 16 » 5a— 15° 


Most often, the result of our calculation is another rational expression that is 
not cleared of fractions. 
Equations do have equals signs, and we can clear them of fractions as we 
did in Section 1.1. A rational, or fraction, equation is an equation containing 
one or more rational expressions. Here are some examples: 
> 5. 
3S GARE 


There are equals signs as well as operation signs. 


1 6 2x 6 18 
x+—=5, and => : 
x “= 3 XN X = 3x 


SOLVING RATIONAL EQUATIONS 
To solve a rational equation, the first step is to clear the equation of 


fractions. To do this, multiply all terms on both sides of the equation by 
the LCM of all the denominators. Then carry out the equation-solving 
process as discussed in Chapters 1 and 4. 


2 
lve: = —-=-—, 
Solve: 3 ar 


The LCM of all the denominators is 6x, or 2 - 3 - x. Using the multiplica- 
tion principle of Chapter 1, we multiply all terms on both sides of the equa- 
tion by the LCM. 


EXAMPLE 1 


2. 5)\_ i Multiplying both sides 

(a0ee#) (2 >) =i som) by the LCM 

or Bax a 5_» 3 eo Multiplying to remove 
3 6 x parentheses 


When clearing fractions, 
be sure to multiply every 


term in the equation by 
the LCM. 


2°x°2-x-5=2°-3 


4x —- 5x =6 
—-x=6 
=e x= 6 
x=-6 


Rational Expressions, Equations, and Functions 


Check: $-2= 2 

2 35. gi 1. 

3 6 ° =6 

4_ 5 ]_1 

6 6 6 

—4 TRUE 
The solution is —6. ) 
2, 5) Il 
IL, SONGS SF = = =, 
Do Exercise 1. Sole JOE 
+1 x- 
) EXAMPLE 2 Solve: ~ ee 8 ia: 


2 3 


The LCM of all the denominators is 2 - 3, or 6. We multiply all terms on 
both sides of the equation by the LCM. 


x+1 x-3 Multiplying both sides 
2-3-( 2 3 )=2-3-3 by the LCM 


oe, 4 6.4.2 4 ga. 4 Multiplying to remove 
2 3 parentheses 
3(x + 1) — 2(x — 3) = 18 Simplifying 
3x +3 — 2x + 6 = 18 Multiplying and collecting 
x+9=18 like terms 
x=9 
+1 - ion! 
Gree = he 6 Caution! 
2 3 : eer : 
Clearing fractions is a valid 
9+1 9-3 23 procedure only when solving 
2 3 | equations, not when adding, 
5-2 subtracting, multiplying, or 
3 TRUE dividing rational expressions. 
The solution is 9. ) 


Do Exercise 2. Ne 5 =) 


CHECKING POSSIBLE SOLUTIONS 


When we multiply all terms on both sides of an equation by the LCM, 
the resulting equation might yield numbers that are not solutions of the 
original equation. Thus we must always check possible solutions in the 
original equation. 


1. Ifyou have carried out all algebraic procedures correctly, you need 
only check to see whether a number makes a denominator 0 in the 
original equation. If it does, it is not a solution. 


2. To be sure that no computational errors have been made and that 
you indeed have a solution, a complete check is necessary, as we 
did in Examples 1 and 2 above. 


The next example illustrates the importance of checking all possible 
solutions. 
Answers 
2 


Beem 2S 
3 
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3 1 
| EXAMPLE 3 Solve: ~. - © = "8 _. 
xX-3 xX x* — 3x 


The LCM of the denominators is x(x — 3). We multiply all terms on both 
sides by x(x — 3). 


2x 6 18 Multiplying both 
a 3)( ) =a 3)( ) sides by the LCM 


2 6 18 > 
DS = 3) 7 x(x — 3)-— = x(x 3)( ) Multiplying to 


x-3 x x2 — 3x remove parentheses 
2x* — 6(x — 3) = 18 Simplifying 
2x? — 6x + 18 = 18 

2x? — 6x = 0 
2x(x — 3) = 0 Factoring 
2x=0 or x-3=0 Using the principle 


of zero products 
x=0 or x=3 
The numbers 0 and 3 are possible solutions. We look at the original equation 


and see that each makes a denominator 0, so neither is a solution. We can 
carry out a check, as follows. 


Check: 
For 0: For 3: 
2x 6 18 2x 6 18 
Re Be R= BE x-3 x x2-3x 
2(0) 6 l 18 2(3) 6 l 18 
0-3 0} 0? - 3(0) 3-3 3) 3-3/3) 
0 - aga NOT DEFINED u- 2 = NOT DEFINED 
0! 0 0 0 
3. Solve; The equation has no solution. ) 
4x 20-100 
PG 8 Do Exercise 3. _} 
cag 4 
| EXAMPLE 4 Solve: = : 
Mae He 
The LCM of the denominators is x — 2. We multiply all terms on both 
sides by x — 2. 
x 4 
Di\« = 2). 
(PSE go re GS 
L724 Simplifying 
x2-4=0 


(x + 2)(x — 2) =0 
x+2=0 oor x-2=0 Using the principle of zero products 
x=-2 or x=2 


Answer 


3. No solution 
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Check: For 2: For —2: 


a. | 4 
= 2 = 2 Rae 2) XPS 2 
2 _9)2 
eo 4 (-22 | 4 
2-2.) 2-2 =F = 9) == -9 
4 4 
— | = NOT DEFINED 4 | 4 
0 0 =A —A 
—l —l TRUE 
The number —2 is a solution, but 2 is not (it results in division by 0). b 


Do Exercise 4. a 


' EXAMPLE 5 Solve: z = a é 
G1 x+1 


The LCM of the denominators is (x — 1) (x + 1). We multiply all terms 
on both sides by (x — 1) (x + 1). 


2 


(= Dee 1) =r (= Lies Lye re Multiplying 
2(x + 1) = 3(x —- 1) Simplifying 
2x +2 = 3x -3 
5=x 


The check is left to the student. The number 5 checks and is the solution. 


2 1 16 
) EXAMPLE 6 Solve: eo Es oe 


The LCM of the denominators is (x + 5) (x — 5). We multiply all terms 
on both sides by (x + 5) (x — 5). 


(eb She sf e+te|=o 5) (x 5) a 
ee5G 8) Se + (x +5) (x 5) - SH le 5) (x 5) 5 


2(x — 5) + (x + 5) = 16 
2x -10+x+5=16 


3X —- 5 = 16 
3x = 21 
x=7 


ie Calculator Corner 


Checking Solutions of 
Rational Equations Wecan 
use a table to check possible solutions 
of rational equations. Consider the equa- 
tion in Example 4, 


and the possible solutions that were 
found, —2 and 2. To check these 
solutions, we enter y, = x2/(x — 2) 
and yz = 4/(x — 2) onthe equation- 
editor screen. Then, with a table set in 
ASK mode, we enter x = —2. (See p. 83.) 
Since y; and y2 have the same value, we 
know that the equation is true when 

xX = —2,and thus —2 is a solution. Now 
we enter x = 2. The ERROR messages 
indicate that 2 is not a solution because 
it is not an allowable replacement for x 
in the equation. 


Exercises: 


1. Use a graphing calculator to 
check the possible solutions 
found in Examples 1, 2, and 3. 


2. Use a graphing calculator 
to check the possible solu- 
tions you found in Margin 
Exercises 1-4. 


Answer 
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Check: 2 1 16 


Solve. io. pee. gl soe 
gta 2 i 16 
= il sear 2 
7+5 7-5, 7-25 
2 5 3 21 16 
Sa eas = ees 12. 2 | 49 — 25 
8 | 16 
12 | 24 
| 2 
ao _ TRUE 
313 


>< Algebraic-Graphical 
Connection J The solution is 7. ) 


Let’s make a visual check of Do Exercises 5 and 6. 


Example 7 by looking at a graph. 


We can think of the equation | EXAMPLE 7 Given that f(x) = x + 6/x, find all values of x for which 
rifes ee 
x Since f(x) = x + 6/x, we want to find all values of x for which 
as the intersection of the 6 
x+—=5., 
graphs of x 
6 . : . . 4 
f(x) =x+ ~ an d g(x) =5. The LCM of the denominators is x. We multiply all terms on both sides by x: 
6 Scaid : 
We see in the graph that there (2 + S) =x-5 Multiplying by x on both sides 
are two points of intersection, at 6 
x = 2andatx = 3. RO Be ae 
Vf) =xt+ & x? +6=5x Simplifying 
x*?-5x+6= Getting 0 on one side 
(x — 3)(x- 2) = Factoring 
47 g@)=5 x-3=5 or x-2=5 Using the principle of zero products 
aT x= or x= 


-8 -6 -4 -2 + é 
—-2- 
ae Check: Forx = 3, f(3) =3 “is 34+2=5 
als 6 
AE For x = 2, f(2) = 2 . 3=5 
x The solutions are 2 and 3. ) 
DoExercise7. J 
7. Given that f(x) = x — 12/x, 
find all values of x for which Caution! 
je a0. 
In this section, we have introduced a new use of the LCM. Before, you used 
the LCM in adding or subtracting rational expressions. Now we are working 
with equations. There are equals signs. We clear the fractions by multiplying 
all terms on both sides of the equation by the LCM. This eliminates the de- 
nominators. Do not make the mistake of trying to “clear the fractions” when 
you do not have an equation! 
Answers 


5.7 6-13 7. 4,-3 
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STUDY TIPS 


ARE YOU CALCULATING OR SOLVING? 


One of the common difficulties with this chapter is knowing for sure the task at hand. Are you combining expressions 
using operations to get another rational expression, or are you solving equations for which the results are numbers that 
are solutions of an equation? To learn to make these decisions, complete the following list by writing in the blank the type 
of answer you should get: “Rational expression” or “Solutions.” You need not complete the mathematical operations. 
Answers can be found at the back of the book. 


TYPE OF ANSWER 
Gust write “Rational 
TASK expression” or "Solutions.") 
4 1 
Ihe AXekeR ——= 
Be See 
4 1 
2. Solve: = : 
se ey ee aay 
4 1 
Sb Sule ——= = és 
SEE Sao e5ir2 

4. Multiply: : 

, carer) ar 

4 1 

. Divide: = 

aD ee ee 
4 1 26 

. Solve: = : 
6. Solve Fay sare ae er 
7. Perform the indicated operations and simplify: 


4 1 26 


x-2 x+2 yx2-4° 


g) 
Ze) 
2, 
6 
I 


2 il 
9. Solve: as | 


yea 2s =o “ys 


A eae Ile 


10 5 
x+4 x-4 yx2-16 


Solve: 


11. Perform the indicated operations and simplify: 
EG 4 x2 + 16 


x+4 x-4 x2-16 


12. Solve: 2s 2 = Il 
a 
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For Extra Help 
Moml Exercise Set manip 2 
e MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
(a) Solve. Dont forget to check! 
i tas 9341 t 315 1 geet 
10 5 8 5 3 12 4 6a 8 5 y 
22 
so =D ne ae 7Zxt==-9 ty) = +13 
3. «4 5 3 x y 
3.7 4 3. 10 1 -5 - 2 
g9-45=5 10. — - ==— u.—=4 i= 
y y 3y sy 3 2 z+1 Meare +h 
3 2 4 3 -1 -—2 2 
13 a 14 = ae 16. ~~ = 
ytl yos KL Ke! y-3 y-3 x-4 x-A4 
an +2 
go ig, 2" =2 Moa ae Se 
x 2 y 3 9x 9 6x 
te eee oo. 
3 4y 4 6y x Wo oe y y-2 y 
Ba Vig 
5x—-2 4x yt+4 y-2 x-2 yx2-4 x+2 
2 
ee 27. is ee a E 
y—2 4-y? yr2 x2—-4x4+3 x-3 4x-4 +10 ~—35 x—5 
eee ee See 30. — = : Si," : S== 
y+3 4y*-36 y-3 x-2 x+5 2x* + 6x — 20 2a-6 a*-6at+9 3a-9 


Copyright © 2011 Pearson Education, Inc. 
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1 2 2x = 1 2x+ 3 10 2x — 3 y 3y+5 2 
32. = + 33. = + 34. + = 

x-2 x+4 yx%+42x-—8 x-1 x%-] x+1 y+1l y*+4y+3 yt3 

3x 72 24 4 ue 108 5x 35 490 
35. + = 36. + = 37. = 

x+2 x34+8 x%- 2x44 x+3 x2-3x4+9 x34 27 x-7 x+7  x%- 49 

2 
ea 2 

as, 2% 4844-22 ay oe x 

x+2 <x x2 + 2x x?-4 x+2 2-x 


15 6 x-5 3 

40. 2 ; 1 41. = 2x --; =1 42. = R = 

fx) = 2x — >; f(x) fx) = 2x ~ 25 fx) f(a) = hs fle) =F 
= 3 1 12 12 6 6 

43. = : = 44, = ‘ = 45. ‘ 
fle) = 3 fa) = 5 f(x) == — $5 fl) = 8 5. f(x) ai f(x) = 5 

Skill Maintenance 

Factor. [4.6d] 

46. 41° + 500 a1. 48. a> + 8b 49. a> — 8b? 

Solve. [4.8a] 

50. x2 - 6x + 9=0 51. (x — 3) (x + 4) =0 52. x* — 49 = 0 53. 12x* — llx+2=0 

Solve. [2.4c] 

54, Unemployment Benefits. In December 2007, there were 55. Bird Collisions. In 1990, in the United States, there 
2.6 million people in the United States collecting state were 179 reports of large-bird collisions with aircraft. 
unemployment benefits. By March 2009, the number of The number of reports increased to 550 in 2007. Find 
people collecting benefits had grown to 5.5 million. Find the rate of change of the number of large-bird collisions 
the rate of change of the number of people collecting reported with respect to time, in years. 
unemployment benefits with respect to time, in months. Source: Federal Aviation Administration, USA TODAY Research 
Round the answer to the nearest hundredth of a million. 

Source: National Association of State Workforce Agencies 

Synthesis 

56. mwa 57. (awe 
a) Use the INTERSECT feature of a graphing calculator to a) Use the INTERSECT feature of a graphing calculator to 

find the points of intersection of the graphs of find the points of intersection of the graphs of 
1 x 1 x x+3 xt+4 x+5 x+6 
= + d = - : = - = - : 
F() Lex Lex and 30) b= x de xe F) 2  ¥ ae B(x) x+4 x+5 
b) Use the algebraic methods of this section to check b) Use the algebraic methods of this section to check 
your answers to part (a). your answers to part (a). 
c) Explain which procedure you prefer. c) Explain which procedure you prefer. 
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SKILL TO REVIEW 
Objective 1.1d: Solve equations 
using the addition principle and the 
multiplication principle together, 
removing parentheses where 
appropriate. 


Solve. 


4 2 
1. - b+ —=-6 
3° 3 


Answers 


Skill to Review: 
15 2.12 


(a) Work Problems 


! EXAMPLE 1 Filling Sandbags. The Sandbagger Corporation sells 
machines that fill sandbags at a job site. The Sandbagger™ can fill an order 
of 8000 sandbags in 5 hr. The MultiBagger™ can fill the same order in 8 hr. 
If both machines are used together, how long would it take to fill an order of 
8000 sandbags? 


1. Familiarize. We familiarize ourselves with the problem by considering 
two incorrect ways of translating the problem to mathematical language. 


a) Acommon incorrect way to translate the problem is to average the two 
times: 
5+ 8 

2 


13 1 
hr = > br or 65 hr. 


Let’s think about this. Using only the Sandbagger, the job is completed 
in 5 hr. If the two baggers are used together, the time it takes to com- 
plete the order should be less than 5 hr. Thus we reject 6 3 hr as a solu- 
tion, but we do have a partial check on any answer we get. The answer 
should be less than 5 hr. 


Another incorrect way to translate the problem is as follows. Suppose 
the two machines are used in such a way that half of the job is done by 
the Sandbagger and the other half by the Multibagger. Then 


b 


eS 


the Sandbagger fills 5 of the bags in 3(5 hn), or 25 hr, 
and 
the Multibagger fills 5 of the bags in 3(8 hr), or 4 hr. 


But time is wasted since the Sandbagger completed its part 15 hr 
earlier than the Multibagger. In effect, the machines were not used 
together to complete the job as fast as possible. If the Sandbagger is 
used in addition to the MultiBagger after completing its half, the entire 
job could be finished in a time somewhere between 25 hr and 4 hr. 


We proceed to a translation by considering how much of the job is 
finished in 1 hr, 2 hr, 3 hr, and so on. It takes the Sandbagger 5 hr to 
fill 8000 bags alone. Then in 1 hr, it can do } of the job. It takes the Multi- 
Bagger 8 hr to complete the job alone. Then in 1 hr, it can do § of the job. 
Both baggers together can complete 

1 ee 13 Ree 

ee or 

5 e740 of the job in 1 hr 
In 2 hr, the Sandbagger can do 2(2) of the job and the MultiBagger can do 
2(3) of the job. Both baggers together can complete 


Hl 1 13 
+ j i ° 
2(=) (2), or53 of the job in 2 hr 
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Continuing this reasoning, we can forma FRACTION OF JOB COMPLETED 
table like the one at right. From the table, 
we see that if the baggers work together TIME | THESANDBAGGER | THE MULTIBAGGER TOGETHER 


for 4 hr, the fraction of the job that will be 


completed is 14, which is more of the job lhr 5 3 53 + @ Ola 

than needs to be done. We also see that 

the answer is somewhere between 3 hr 2hr ae 2G DUE at BE holes. 
and 4 hr. What we want is a number tf 

such that the fraction of the job that is Bik 3(2 3(} 3(4) di 3(2), one 


completed is 1; that is, the job is just com- 
pleted—not more ( 13} and not less (33). 


4hr 4( 
2. Translate. From the table, we see that 


the time we want is some number ¢ for hi r( a 
which ‘ 


where 1 represents the idea that the entire job is completed in time f. 
3. Solve. We solve the equation: 


t t 
~+=-=1 
5 8 
t t\ The LCM is5- 2- 2- 2, or 40. 
2o( 5 . *) a0 Tae multiply by 40. 
t t 
40 - 5 + 40 3 40 Using the distributive law 
_ fic Sages 1. Trimming Shrubbery. Alex 
ere omnpiyne can trim the shrubbery at 
13t = 40 Beecher Community College in 
40 l 6 hr. Tanya can do the same job 
b= ors, his in 4 hr. How long would it take 
13 13 : 
them, working together, to do 
4. Check. The check can be done by using #§ for ¢ and substituting the same trimming job? 


into the original equation: 


az) a(s] Bs a ay 

13\5/ 13\8/° 13«i13——=«ad‘Bs 

We also have a partial check in what we learned from the Famil- 
iarize step. The answer, 335 hr, is between 3 hr and 4 hr (see the 
table), and it is less than 5 hr, the time it takes the Sandbagger 
to do the job alone. 


5. State. It takes 34 hr for the two baggers to complete the job 
working together. ) 


THE WORK PRINCIPLE 


Suppose that a is the time it takes A to do a job, b is the time it 
takes B to do the same job, and f is the time it takes them to do 
the job working together. Then 


i= 
é : 


Qi 


7 Answer 
| Do Exercise 1. 


1. a tie 
5 
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| EXAMPLE 2 Cannoli. An essential element of Sicilian cuisine, cannoli 
consist of tube-shaped shells of fried pastry dough filled with a sweet creamy 
filling. Pastry chef Sophia and apprentice chef Michael are preparing 850 can- 
noli shells for a banquet. Michael estimates that it would take him 9 hr longer 
than Sophia to complete the job. Working together, the two chefs can finish in 
20 hr. How long would it take each, working alone, to complete the job? 


1. Familiarize. Comparing this problem to Example 1, we note that we do 
not know the times required by each person to complete the task had 
each worked alone. We let 


h = the amount of time, in hours, that it would take Sophia working 
alone. 


Then 


h + 9 = the amount of time, in hours, that it would take Michael 
working alone. 


We also know that ¢t = 20 hr = total time. Thus, 


20 
ho the fraction of the job that Sophia could finish in 20 hr 


and 


20 
h+9 


= the fraction of the job that Michael could finish in 20 hr. 
2. Translate. Using the work principle, we know that 


t t 
a + b =1 Using the work principle 


20 20 icp t 20 t 
an er ia 1; Substituting h for = and cue for D 
3. Solve. We solve the equation: 
eas 
h ht+9- 
20 20 _ : We multiply by the LCM, 
wee ( nh het 5) ee oe es ee 
20 20 ; ee 
h(h + 9)- i + h(h+9)- eae h(h + 9) Using the distributive law 
(h+9)-20+h-20= h? + 9h Simplifying 


20h + 180 + 20h = h? + 9h 
= h* — 31h — 180 Getting 0 on one side 
0 = (h- 36)(h+5) _ Factoring 


h-36=0 or h+5=0 Using the principle 
of zero products 


= 36 or h=-—-5. 
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4. Check. Since negative time has no meaning in the problem, we reject 
—5 as a solution to the original problem. The number 36 checks since if 
Sophia takes 36 hr alone and Michael takes 36 + 9, or 45 hr alone, in 
20 hr, working together, they would have completed 

20 20 = 5 


4 ; 
= — + —, or] job. 
36 45 9 9 


5. State. It would take Sophia 36 hr and Michael 45 hr to complete the 
task alone. ) 


Do Exercise 2. 
(b) Applications Involving Proportions 


Any rational expression a/b represents a ratio. Percent can be considered a 
ratio. For example, 67% is the ratio of 67 to 100, or 67/100. The ratio of two 
different kinds of measure is called a rate. Speed is an example of a rate. 
Florence Griffith Joyner set a world record in a recent Olympics with a time 
of 10.49 sec in the 100-m dash. Her speed, or rate, was 


100m 
10.49 sec’ 


PROPORTION 


An equality of ratios, A/B = C/D, read “A is to Bas Cis to D,” is called a 
proportion. The numbers named in a true proportion are said to be 
proportional to each other. 


m 
ee Rounded to the nearest tenth 


We can use proportions to solve applied problems by expressing a ratio 
in two ways, as shown below. For example, suppose that it takes 8 gal of gas to 
drive for 120 mi, and we want to determine how much will be required to 
drive for 550 mi. If we assume that the car uses gas at the same rate through- 
out the trip, the ratios are the same, and we can write a proportion. We let x 
represent the number of gallons it takes to drive 550 mi. 


Miles —> 120 _ 550 <— Miles 
Gallons —> 8 x <— Gallons 


To solve this proportion, we note that the LCM is 8x. Thus we multiply by 8x. 
120 550 
8x i 


8x - a Multiplying by 8x 
x- 120 = 8 - 550 Simplifying 
120x = 8 - 550 
8 - 550 
_ 2 aa DP 
x 120 Dividing by 120 
x © 36.67 


Thus, 36.67 gal will be required to drive for 550 mi. 


2. Filling a Water Tank. Two 
pipes carry water to the same 
tank. Pipe A, working alone, can 
fill the tank three times as fast as 
pipe B. Together, the pipes can 
fill the tank in 24 hr. Find the 
time it would take each pipe to 
fill the tank alone. 


Answer 
2. Pipe A: 32 hr; pipe B: 96 hr 


5.6 Applications and Proportions 


463 


3. Calories Burned. Mia, who 
weighs 120 lb, will burn 110 
calories in 20 min during an 
aerobics class. How many calo- 
ries will she burn in 35 min? 


Answer 
3. 192.5 calories 


It is common to use cross products to solve proportions, as follows: 


120 _ 550 


— If ‘ = —, then AD = BC. 


120-x 


8 - 550 120 - x and 8 - 550 are called cross products. Note 
that this is the equation that results from clearing 
fractions above. 


8 - 550 
x= 
120 
x * 36.67. 


! EXAMPLE 3 Calories Burned. Jayden, who weighs 170 lb, will burn 345 cal- 
ories in 45 min while hiking. How many calories will he burn if he hikes 
for 2 hr? 


Source: The American Dietetic Association's Complete Food & Nutrition Guide 


1. Familiarize. We let c = the number of calories burned in 2 hr. 


2. Translate. Next, we translate to a proportion. We make each side the 
ratio of number of minutes to number of calories, with number of minutes 
in the numerator and number of calories in the denominator. We substi- 
tute 120 min for 2 hr. 


Minutes —> A5- _ 120 <— Minutes 
Calories —> 345. +c <—Calories 


3. Solve. We solve the proportion: 


45 _ 120 
345 Cc 
45c = 345 - 120 Equating cross products 
45 + 12 
c= ee Dividing by 45 
c = 920. Multiplying and dividing 


4. Check. We substitute into the proportion and check cross products: 
45 _ 120 
345 920’ 
45 - 920 = 41,400; 345 - 120 = 41,400. 


Since the cross products are the same, the answer checks. 
5. State. In 120 min, or 2 hr, Jayden will burn 920 calories. ) 


Do Exercise 3. 


{ EXAMPLE 4 Estimating Wild Horse Population in California. Wild horses 
still exist in at least ten states of the United States. To estimate the number in 
California, a forest ranger catches 616 wild horses, tags them, and releases 
them. Later, 244 horses are caught, and it is found that 49 of them are tagged. 
Estimate how many wild horses there are in California. 

Source: U.S. Bureau of Land Management 
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1. Familiarize. We let H = the number of wild horses in California. For 
the purposes of this example, we assume that the tagged horses mix 
freely with others in the state. We also assume that when some horses 
have been captured, the ratio of those tagged to the total number cap- 
tured is the same as the ratio of horses originally tagged to the total num- 
ber of wild horses in the state. For example, if 1 of every 3 horses captured 
later is tagged, we would assume that 1 of every 3 horses in the state was 
originally tagged. 


2. Translate. We translate to a proportion, as follows: 


Horses tagged originally —> 616 | 49 <— Tagged horses caught 


Horses in California —> H 244° <— Horses caught 
3. Solve. We solve the proportion: 


616 - 244 = H- 49 Equating cross products 


616 - 244 
—— =H Dividing by 49 
49 
3067 ~ H. Multiplying and dividing and approximating 
4. Estimating Wild Horse Popula- 
4, Check. We substitute into the proportion and check cross products: tion in Utah. To estimate the 
616 49 number of wild horses in Utah, 
— = 616 - 244 = 150,304; 3067 - 49 = 150,283. a forest ranger catches 620 wild 
aver = 62a4 horses, tags them, and releases 
The cross products are close but not exact because we rounded the total. them. Later, 122 horses are 


caught, and it is found that 

31 of them are tagged. Estimate 
) how many wild horses there are 

in Utah. 


Do Exercise 4. Source: U.S. Bureau of Land Management 


5. State. We estimate that there are about 3067 wild horses in California. 


(c) Motion Problems 


We considered motion problems earlier in Sections 1.3 and 3.4. To translate 
them, we know that we can use either the basic motion formula, d = rt, or 
either of two formulas r = d/t, or t = d/r, which can be derived from d = rt. 


MOTION FORMULAS 


The following are the formulas for motion problems: 


d = rt ——~ Distance = Rate - Time; 


Distance d . Distance 
- ; t ——> Time = —— 
Time r Rate 


d 
r= re — Rate = 


) EXAMPLE 5. Bicycling. A racer is bicycling 15 km/h faster than a person 
on a mountain bike. In the time it takes the racer to travel 80 km, the person 
on the mountain bike has gone 50 km. Find the speed of each bicyclist. 


1. Familiarize. Let’s guess that the person on the mountain bike is going 
10 km/h. The racer would then be traveling 10 + 15, or 25 km/h. At 
25 km/h, the racer will travel 80 km in mo = 3.2 hr. Going 10 km/h, the 
mountain bike will cover 50 km in ?? = 5 hr. Since 3.2 # 5, our guess is 
wrong, but we can see that if ris the rate, in kilometers per hour, of the 
slower bike, then the rate of the racer, who is traveling 15 km/h faster, is 
r+ 15. Answer 
4. 2440 wild horses 
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5. Four-Wheeler Travel. Olivia’s 


four-wheeler travels 8 km/h 
faster than Emma's. Olivia travels 
69 km in the same time it takes 
Emma to travel 45 km. Find 

the speed of each person’s 
four-wheeler. 


Answer 
5. Olivia: 23 km/h; Emma: 15 km/h 


MOUNTAIN BIKE 50 


RACING BIKE 


Making a drawing and organizing the facts in a chart can be helpful. 


DISTANCE SPEED 


80 
f+ 15 


(r+ 15)t+>t= 


2. Translate. The time is the same for both bikes. Using the formula 
d = rtand then t = d/r across both rows of the table, we find two expres- 
sions for time and can equate them as 

5080 


r rt+i15° 


3. Solve. We solve the equation: 


50-80 
r r+ 15 


50 80 The LCM is r(r + 15). 
ne a r ne sae r+15  Wemultiply by r(r + 15). 


(r+ 15)-50=r- 80 Simplifying. We can also obtain 


this by equating cross products. 


50r + 750 = 80r Using the distributive law 


750 = 30r Subtracting 50r 

750 

ao 7 r Dividing by 30 
25 =r. 


4. Check. If our answer checks, the mountain bike is going 25 km/h and 
the racing bike is going 25 + 15, or 40 km/h. 
Traveling 80 km at 40 km/h, the racer is riding for a = 2hr. Traveling 
50 km at 25 km/h, the person on the mountain bike is riding for 32 = 2 hr. 
Our answer checks since the two times are the same. 
5. State. The speed of the racer is 40 km/h, and the speed of the person on 
the mountain bike is 25 km/h. J 


Do Exercise 5. | 
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EXAMPLE 6 Transporting by Barge. A river barge travels 98 mi down- 
stream in the same time it takes to travel 52 mi upstream. The speed of the 
current in the river is 2.3 mph. Find the speed of the barge in still water. 


1. Familiarize. We first make a drawing. We let s = the speed of the barge 
in still water and ¢ = the time, and then organize the facts in a table. 


The current increases 
the speed of the barge 
through the water. 


the speed of the barge 4 
through the water. 


98 
DOWNSTREAM 98 | eae) | me 28 = (St 23> t= C5 


ees) t _ 92 
> 52 2.3)t-—>t 
eee = =e) 3-23 


2. Translate. Using the formula ¢ = d/r across both rows of the table, we 
find two expressions for time and equate them as 


98 52 STUDYING THE ART PIECES 


s+23  s— 23° When you study this text, read it 
slowly, observing all the details of 
the corresponding art pieces that 


3. Solve. We solve the equation: 


98 52 are discussed in the paragraphs. 
s$+23 5-23 Also, be sure to notice the precise 
98 52 color-coding in the art. This is es- 
(e+ 23) le — 2.8) (. a ;) = (5 +23) — 2.3) (. 9 ;) pecially important in this section 
as you study motion problems and 
(s — 2.3)98 = (s + 2.3)52 their related tables and charts. 
98s — 225.4 = 52s + 119.6 
46s = 345 
$= 7.5. 


4. Check. Downstream, the speed of the barge is 7.5 + 2.3, or 9.8 mph. 
Dividing the distance, 98 mi, by the speed, 9.8 mph, we get 10 hr. Up- 
stream, the speed of the barge is 7.5 — 2.3, or 5.2 mph. Dividing the dis- 
tance, 52 mi, by the speed, 5.2 mph, we get 10 hr. Since the times are the 
same, the answer checks. 


6. Riverboat Speed. A riverboat 
cruise line has a boat that can 
travel 76 mi downstream in the 
same time that it takes to travel 
52 mi upstream. The speed of the 

5. State. The speed of the barge in still water is 7.5 mph. ; current in the river is 1.5 mph. 

Find the speed of the boat in 


Do Exercise 6. still water. 


Answer 
6. 8mph 
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1. Sums of Squares. The sum of 


the squares of two consecutive 
odd integers is 650. Find the 
integers. 


. Estimating Fish Population. 

To determine the number of fish 
in a lake, a conservationist 
catches 225 of them, tags them, 
and releases them back into the 
lake. Later, 108 fish are caught, 
and it is found that 15 of them 
are tagged. Estimate how many 
fish are in the lake. 


. Consecutive Integers. Thesum 
of two consecutive even integers 
is 650. Find the integers. 


. Sums of Squares. The sum of 
the squares of two consecutive 
integers is 685. Find the 
integers. 


. Hockey Results. A hockey team 
played 81 games in a season. 
They won 1 fewer game than 
three times the number of ties 
and lost 8 fewer games than they 
won. How many games did they 
win? lose? tie? 


Translating 
for Success 


Translate each word problem to an 
equation or a system of equations 
and select a correct translation from 
equations A-O. 


. xX + (x + 2) = 650 
225 15, 

“x 108 

. x2 + (x + 1)? = 685 
30. _ 40 

“x+3 x 

~-xt+ty+z=8i, 


x= 3y-1, 
zZ=x-8 


x+y+z=8l, 


. x2 + (x + 5)” = 650 


~-xt+y+z= 650, 
x + y = 480, 
y+ z= 685 


40 _ 30 
x 


15 108 


x 225 


~xt+yrt z= 685, 
x + y = 480, 
y+ z= 650 


. x2 + (x + 2)? = 685 
$221 
8 


. x? + (x + 2)? = 650 


~x=yt3, 
2x + 2y = 81 


Answers on page A-20 


6. Sides of aSquare. If the sides of 


a square are increased by 5 ft, the 
area of the original square plus 
the area of the enlarged square is 
650 ft. Find the length of a side 
of the original square. 


. Bicycling. The speed of one 


mountain biker is 3 km/h faster 
than the speed of another biker. 
The first biker travels 40 mi in 
the same amount of time that it 
takes the second to travel 30 mi. 
Find the speed of each biker. 


. PDQ Shopping Network. Sarah, 


Claire, and Maggie can process 
685 telephone orders per day for 
PDQ shopping network. Sarah 
and Claire together can process 
480 orders, while Claire and 
Maggie can process 650 orders 
per day. How many orders can 
each process alone? 


. Filling Time. Aspacan be filled 


in 3 hr by hose A alone and in 
8 hr by hose B alone. How long 
would it take to fill the spa if 
both hoses are working? 


. Rectangle Dimensions. The 


length of a rectangle is 3 ft 
longer than its width. Find the 
dimensions of the rectangle 
such that the perimeter of the 
rectangle is 81 ft. 


Exercise Set 


1. Painting a House. Jose can paint a house in 28 hr. 
His brother, Miguel, can paint the same house in 36 hr. 
Working together, how long will it take them to paint 
the house? 


3. Washing Elephants. Leah can wash the zoo’s elephants 
in 3 hr. Ian, who is less experienced, needs 4 hr to do the 
same job. Working together, how long will it take them 
to wash the elephants? 


5. Clearing a Lot. A commercial contractor needs to clear 
a plot of land for a new bank. Ryan can clear the lot in 
7.5 hr. Ethan can do the same job in 10.5 hr. How long 
will it take them to clear the land working together? 
(Hint: You may find that multiplying by 5 on both sides 
of the equation will clear the decimals.) 


For Extra Help 


MyMathLab 


Mathie G == & 


PRACTICE WATCH DOWNLOAD READ REVIEW 


. Filling a Pool. Anin-ground backyard pool can be 


filled in 12 hr if water enters through a pipe alone, or in 
30 hr if water enters through a hose alone. If water is 
entering through both the pipe and the hose, how long 
will it take to fill the pool? 


. Printing Tee Shirts. In 30 hr, one machine can print 


tee shirts honoring the winning team in a national cham- 
pionship sporting event. Another machine can complete 
the same order in only 24 hr. If both machines are used, 
how long will it take to print the order? 


. Sorting Donations. At the neighborhood food pantry, 


Grace can sort a morning’s donations in 4.5 hr. Caleb 
can do the same job in 3 hr. Working together, how long 
would it take them to sort the food donations? 
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7. Placing Wrappers on Canned Goods. Machine A can 
place wrappers on a batch of canned goods in 4 fewer 


hours than machine B. Together, they can complete the 


job in 1.5 hr. How long would it take each machine 
working alone? 


9. Newspaper Delivery. Samantha can deliver papers 
three times as fast as her sister, Elizabeth. If they work 


together, it takes them 1 hr. How long would it take each 


to deliver the papers alone? 


8. 


10. 


Cutting Firewood. Tom can cut and split a cord of 
firewood in 6 fewer hr than Henry can. When they work 
together, it takes them 4 hr. How long would it take each 
of them to do the job alone? 


Painting. Joseph can paint the community center four 
times as fast as Abigail. The year they worked together, 
it took them 8 days. How long would it take each to 
paint the community center alone? 


(b) Solve. 


11. Estimating Wildlife Populations. To determine the 
number of trout in a lake, a conservationist catches 
112 trout, tags them, and releases them back into the 
lake. Later, 82 trout are caught; 32 of them are tagged. 
How many trout are in the lake? 


13. Human Blood. 10cm of anormal specimen of human 


blood contains 1.2 g of hemoglobin. How many grams 
does 32 cm of the same blood contain? 


15. USS Constitution. For awood-working class, Alexis is 
building a scale model of the USS Constitution, known 


as “Old Ironsides.” The length of the ship at the water 


line is 175 ft; the beam (or width) is 43.5 ft. The width of 


the model is 6.75 in. Find the length of the model. 
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12. Estimating Wildlife Populations. To determine the 


14. 


. 


number of deer in a game preserve, a conservationist 
catches 318 deer, tags them, and lets them loose. Later, 
168 deer are caught; 56 of them are tagged. How many 
deer are in the preserve? 


Coffee Consumption. Coffee beans from 14 trees are 
required to produce 7.7 kg of coffee. (This is the average 
amount that each person in the United States drinks 
each year.) The beans from how many trees are required 
to produce 638 kg of coffee? 


Models of Indy Cars. Mattel, Inc., recently added some 
models of Indy Cars to their Hot Wheels® product line. 
The length of an IRL car is 15 ft. Its width is 7 ft. The 
width of the die-cast replica is 3.5 in. Find the length of 
the model. 

Sources: Mattel, Inc.; IndyCar.com 
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17. 


19. 


21. 


23. 


Weighton Moon. The ratio of the weight of an object on 
the moon to the weight of an object on Earth is 0.16 to 1. 
How much will a 180-lb astronaut weigh on the moon? 


Retaining Wall. On average, a retaining wall requires 
approximately 1017 kg of stone for each 3.2 m2. The area 
includes the face of the wall and its upper surface. How 
many kilograms of stone are needed for 65 m*? Round 
the answer to the nearest kilogram. 


Source: David Reed, The Art and Craft of Stonescaping (Sterling Publishing 
Co., Inc.: New York, 2000) 


Rope Cutting. A rope is 28 ft long. How can the rope 
be cut in such a way that the ratio of the resulting two 
segments is 3 to 5? 


Touchdown Pace. After 4 games of the 2009 NFL sea- 
son, Drew Brees of the New Orleans Saints had passed 
for 9 touchdowns. Assuming he would continue to 
pass for touchdowns at the same rate, how many 
touchdown passes would he throw in the entire 
16-game season? 

Source: National Football League 


18. 


20. 


22. 


24. 


Weight on Mars. The ratio of the weight of an object on 
Mars to the weight of an object on Earth is 0.4 to 1. How 
much will a 120-lb astronaut weigh on Mars? 


Corona Arch. The photograph below shows Corona 
Arch in Moab, Utah, one of the favorite hiking places of 
your author Marv Bittinger. He appears at the bottom of 
the photograph. Assume that an 83-in. by 11-in. photo- 
graph has been printed from a digital file and that in that 
photo Marv is 35, or 0.34375 in. tall, and the height of the 
arch in the photo is 72, or 7.625 in. Given that Marv is 

73 in. tall, find the actual height H of the arch. 


Consider the numbers 1, 2, 3, and 5. If the same number 
is added to each of the numbers, it is found that the ratio 
of the first new number to the second is the same as the 
ratio of the third new number to the fourth. Find the 
number. 


Touchdown Pace. After 5 games of the 2009 NFL sea- 
son, Peyton Manning of the Indianapolis Colts had 
passed for 12 touchdowns. Assuming he would 
continue to pass for touchdowns at the same rate, how 
many touchdown passes would he throw in the entire 
16-game season? 

Source: National Football League 
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(c) Solve. 


25. Jet Travel. A Boeing 747 flies 2420 mi with the wind. In 26. Transporting Cargo. Boeing has a jumbo jet that is 
the same amount of time, it can fly 2140 mi against the used to transport cargo. This jet flies 1430 mi with the 
wind. The cruising speed (in still air) is 570 mph. Find wind. In the same amount of time, it can fly 1320 mi 
the speed of the wind. against the wind. The cruising speed (in still air) is 
Source: Boeing 550 mph. Find the speed of the wind. 


Source: Boeing 
The wind pushes the plane and 
increases the speed over the ground. 


a 


ay 


7. iy 


= The wind slows down the plane and 


decreases the speed over the ground. — 


27. Kayaking. The speed of the current in the Wabash River 28. Boating. The current in the Animas River moves at a 
is 3 mph. Brooke’s kayak can travel 4 mi upstream in the rate of 4 mph. Sydney’s dinghy motors 6 mi upstream in 
same time that it takes to travel 10 mi downstream. What the same time that it takes to motor 12 mi downstream. 
is the speed of Brooke's kayak in still water? What is the speed of the dinghy in still water? 

29. Moving Sidewalks. A moving sidewalk at an airport 30. Moving Sidewalks. A moving sidewalk moves at a rate 
moves at a rate of 1.8 ft/sec. Walking on the moving of 1.7 ft/sec. Walking on the moving sidewalk, Hunter 
sidewalk, Thomas travels 105 ft forward in the time it can travel 120 ft forward in the same time it takes to 
takes to travel 51 ft in the opposite direction. How fast travel 52 ft in the opposite direction. How fast would 
would Thomas be walking on a nonmoving sidewalk? Hunter be walking on a nonmoving sidewalk? 


31. Tour Travel. Adventure Tours has six leisure tour trol- 32. Hiking. Vanessa hikes 2 mph slower than Xavier. In 
leys that travel 15 mph slower than their three express the time it takes Xavier to hike 8 mi, Vanessa hikes 5 mi. 
tour buses. The bus travels 132 mi in the time it takes the Find the speed of each person. 
trolley to travel 99 mi. Find the speed of each mode of 
transportation. 
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Skill Maintenance 


In Exercises 33-36, the graph is that of a function. Determine the domain and the range. 


[2.3a] 


33. y 34. VA 35. VV 
fae) : e 
4 e 
3 H 
2]--@ 
1 
+ 
x ~5-4-3-2-1)/ 12.3.4 5 x 

e 2 
=3 
4 
—5 


Graph. 


37. 


[3.7b] 
x-4y24 


Synthesis 


41. Three trucks, A, B, and C, working together, can move a 
load of mulch in t hours. When working alone, it takes A 
1 extra hour to move the mulch, B 6 extra hours, and C 


43. 


45. 


t extra hours. Find t. 


38. x = 3 


Gas Mileage. An automobile gets 22.5 miles per gallon 


(mpg) in city driving and 30 mpg in highway driving. 


The car is driven 465 mi on a full tank of 18.4 gal of gaso- 


line. How many miles were driven in the city and how 


many were driven on the highway? 


Travel by Car. Mackenzie drives to work at 50 mph 
and arrives 1 min late. She drives to work at 60 mph 
and arrives 5 min early. How far does Mackenzie live 


from work? 


Graph. 
39. f(x) = |x + 3] 


42. 


44, 


46. 


[2.2c] 
40. f(x) =5 — |x 


Clock Hands. At what time after 4:00 will the minute 
hand and the hour hand of a clock first be in the same 
position? 


Filling aTank. A tank can be filled in 9 hr and drained 
in 11 hr. How long will it take to fill the tank if the drain 
is left open? 


Escalators. Together, a 100-cm wide escalator and a 
60-cm wide escalator can empty a 1575-person audi- 
torium in 14 min. The wider escalator moves twice as 
many people as the narrower one does. How many 
people per hour does the 60-cm wide escalator move? 
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RY 


(a) Formulas 


Formulas occur frequently as mathematical models. Here we consider rational 
formulas. 


To solve a rational formula for a given letter, identify the letter, and: 
SKILL TO REVIEW 
Objective 1.2a: Evaluate formulas 
and solve a formula for a specified 
letter. 


. Multiply on both sides to clear fractions or decimals, if that is 
needed. 
. Multiply if necessary to remove parentheses. 


. Get all terms with the letter to be solved for on one side of the 
equation and all other terms on the other side, using the addition 
principle. 


Solve for the given letter. 
1. Dx + Ey = z,fory 


1 
~C=5 + yt Z), ies : 
a ie . Factor out the unknown, if it appears in more than one term. 


. Solve for the letter in question, using the multiplication principle. 


! EXAMPLE 1 Optics. The formula f= L/d defines a camera’s “f-stop,” 
where L is the focal length (the distance from the lens to the film) and d is the 
aperture (the diameter of the lens). Solve the formula for d. 

We solve this equation as we did 
the rational equations in Section 5.5: 


_L We want the 
~ qd letter d alone. 
a ee ees The LCM is d. 
1. Combined Gas Law. The d Wemultiply by d. 
ouacove df=L Simplifying 
Va 
BEE ee L 
IP : a f Dividing by f 


relates the pressure P, the 


volume V, and the temperature T 
of a gas. Solve the formula for T. 
(Hint: Begin by clearing the 
fraction.) 


The formula d = L/fcan now be used to find the aperture if we know the 
focal length and the f-stop. 


Do Margin Exercise 1. } 


IR 
) EXAMPLE 2 Astronomy. The formula L = oS 


— where D is the diame- 


ter of the sun, dis the diameter of the earth, R is the earth’s distance from the 
sun, and L is some fixed distance, is used to calculate when lunar eclipses 
occur. Solve the formula for D. 


dR 


Ee Rad 


We want the letter D alone. 


dR The LCM is D — d. 


(D - d)-L=(D- 4): 


Aasivers D-d We multiply by D — d. 
Skill to Review: (D — d)L=dR Simplifying 
_ 20. — = 
ne DL — dL = aR 
Margin Exercise: DL = dR + dL Adding dL 
PV 
T= + 
aaa. D= ad Dividing by L 
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Since D appears by itself on one side and not on the other, we have solved 


for D. ) 2. Solve the formula 
pT 
Do Exercise 2. oo M+ pn 
for n. 
dR 
' EXAMPLE 3 Solve the formula L = Hod for d. 


We proceed as we did in Example 2 until we reach the equation 
DL — dL = aR. We want d alone. 


We must get all terms containing d alone on one side: 


DL — dL = dR 
DL = dR+ dL Adding dL 
DL = d(R + L) Factoring out the letter d 3. The Doppler Effect. The 
DL formula 
eo Dividing by R + L _ sg 
We now have d alone on one side, so we have solved the formula for d. J save 


is used to determine the 
P frequency F of a sound that is 
wee e ene e cence Cqution!  -------------------------------------------- moving at velocity v toward a 
listener who hears the sound 
as frequency g. Here s is the 
speed of sound in a particular 
medium. Solve the formula for s. 


If, when you are solving an equation for a letter, the letter appears on both 
sides of the equation, you know the answer is wrong. The letter must be 
alone on one side and not occur on the other. 


Do Exercise 3. 


4. Work Formula. The formula 
! EXAMPLE 4 Resistance. The formula 
=~+2-=1 


@ 
1 1 1 WW a b 


involves the total time t for some 


R ri Le) @ 
MAW, work to be done by two workers 
®) 


involves the resistance R of two resistors rj 
and r2 connected in parallel.* Solve the 
formula for 7). 


We multiply by the LCM, which is Rrjro: 


whose individual times are a 


and b. Solve the formula for t. 


1 1 il 
Rryr2° R- Rryro° (2 + a Multiplying by the LCM 
1 1 1 Multiplying to remove 


Rryfro- R = Rrjro- os + Rryfro- To 


ro = Rro + Rry. Simplifying by removing factors of 1 


parentheses 


We might be tempted at this point to multiply by 1/r2 to get r; alone 
on the left, but note that there is an r; on the right. We must get all the 
terms involving r; on the same side of the equation. 


ryro — Rr, = Rro Subtracting Rr, 
r(T2 — R) = Rro Factoring out r) 
Rr2 ks 
r= Dividing by rz — R to get r; alone 
To —R ji 
Do Exercise 4. asus 
T— IM 
2. n a 3.5 = ze 
Ip gk 
*Note that R, 7), and rz are all different variables. It is common to use subscripts, as in r1 7 ab 
(read “r sub 1”) and ro, to distinguish variables. . bt+a 
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For Extra Help 


ca 
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lyMa PRACTICE WATCH DOWNLOAD READ REVIE\ 


dy, 1 1 1 
=—,f Staats aero 
Ws d or dy 3 Ron ft Or 2 
(Electricity formula) 
T Vv, + vo)t V1 + V>)t 
ee es Seg ees eee aon 
Rr fe 2 2 
(Electricity formula) 
‘S 2V 1 1 1 
7 ae sary 8. [= , for V 9.—+—=-—, for p 
g +s V+ 2r p q f 
(An optics formula) 
eS” foe ee 1 ee toes 
pq f a b a b 
(Optics formula) (Work formula) (Work formula) 
= _ _ 7045W 
13. I Ee 7 for E 14.1=7 ,forn 15. [= Ww , for H’ 
E Rt E Rt 
16. S = , for ty 17.— = F for r 18. — = F fore 
m(t) — t2) e e 
Il 
19. V= 3 The(3R —h), forR 20. A = P(1 + rt), forr 21. S = 2arh + 2mr2, forh 
(Interest formula) (Surface area of a cylinder) 
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22. 


24. 


26. 


Interest. The formula 
A 
l+r 
is used to determine what amount of principal P should 


be invested for one year at simple interest r in order to 
have A dollars after a year. Solve the formula for r. 


P= 


Escape Velocity. The formula 

v2 2g 

R R+h 
is used to find a satellite’s escape velocity V, where R is 
a planet’s radius, h is the satellite’s height above the 
planet, and gis the planet’s acceleration due to gravity. 
Solve the formula for h. 


Earned Run Average. The formula 


R 
A=9 7 
gives a pitcher's earned run average A, where R is the 
number of earned runs, and J is the number of innings 
pitched. How many earned runs were given up ifa 
pitcher’s earned run average is 2.4 after 45 innings? 
Solve the formula for I. 


Skill Maintenance 


Solve. [3.6a] 


27. 


Coin Value. There are 50 dimes in a roll of dimes, 

40 nickels in a roll of nickels, and 40 quarters in a roll of 
quarters. Rob has 12 rolls of coins with a total value of 
$70.00. He has 3 more rolls of nickels than dimes. How 
many of each roll of coin does he have? 


Given that f(x) = x> — x, find each of the following. [2.2b] 


28. f(—2) 
32. 


29. f(2) 


Find the slope of the line containing the points (—2, 5) 
and (8,—3). [2.4b] 


Synthesis 


34. 


30. f(0) 


33. Find an equation of the line containing the points 


23. Average Speed. The formula 


dz — dy 
tz — ty 
gives an object’s average speed v when that object has 


traveled d, miles in tf; hours and d>2 miles in t, hours. 
Solve the formula for f2. 


25. Semester Average. The formula 


2Tt + Qq 
~ 2T+Q 
gives a student’s average A after T tests and Q quizzes, 
where each test counts as 2 quizzes, tis the test average, 
and q is the quiz average. Solve the formula for Q. 


31. f(2a) 


(—2,5) and (8,—3). [2.6c] 


Escape Velocity. (Refer to Exercise 24.) A satellite’s escape velocity is 6.5 mi/sec, the radius of the earth is 3960 mi, and the 
acceleration due to gravity is 32.2 ft/sec*. How far is the satellite from the surface of the earth? 
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CHAPTER 5 


We now extend our study of formulas and functions by considering applica- 
tions involving variation. 


(a) Equations of Direct Variation 


A dental hygienist earns $24 per hour. In 1 hr, $24 is earned; in 2 hr, $48 is 
earned; in 3 hr, $72 is earned; and so on. We plot this information on a graph, 
using the number of hours as the first coordinate and the amount earned as 
the second coordinate to form a set of ordered pairs: 

(1, 24), (2, 48), 

(3,72), (4,96), 

and so on. 


Earnings 


Time (in hours) 


Note that the ratio of the second coordinate to the first is the same number 
for each point: 


24 48 72 96 
; = . > 24, 47 24, andsoon. 


Whenever a situation produces pairs of numbers in which the ratio is 
constant, we say that there is direct variation. Here the amount earned varies 
directly as the time: 

E 
ris 24(aconstant), or E = 24t, 
or, using function notation, E(t) = 24t. The equation is an equation of direct 


variation. The coefficient, 24 in the situation above, is called the variation 
constant. In this case, it is the rate of change of earnings with respect to time. 


DIRECT VARIATION 


If a situation gives rise to a linear function f(x) = kx, or y = kx, where 


kis a positive constant, we say that we have direct variation, or that 
y varies directly as x, or that yis directly proportional to x. The number 
kis called the variation constant, or constant of proportionality. 


Rational Expressions, Equations, and Functions 


' EXAMPLE 1 Find the variation constant and an equation of variation in 
which y varies directly as x, and y = 32 when x = 2. 


We know that (2, 32) is a solution of y = kx. Thus, J 
80 + 
y= kx rae 
32 =k-2 Substituting Pail 
32 ; T 
s = kork = 16. Solving for k aos, 


12345 6% 


The variation constant, 16, is the rate of change of y with respect to x. The 
equation of variation isy = 16x. 


The graph of y = kx, k > 0, always goes through J 
the origin and rises from left to right. Note that as 1. Find the variation constant and 


x increases, y increases. The constant k is also the y= ky, an equation of variation in which 
slope of the line. k>0 y varies directly as x, andy = 8 
when x = 20. 


x 2. Find the variation constant and 
an equation of variation in which 
y varies directly as x, andy = 5.6 


| Do Exercises 1 and 2. when x = 8. 
(b) Applications of Direct Variation 


| EXAMPLE 2 Water from Melting Snow. The number of centimeters W of 
water produced from melting snow varies directly as S, the number of cen- 
timeters of snow. Meteorologists have found that, under certain conditions, 
150 cm of snow will melt to 16.8 cm of water. To how many centimeters of 
water will 200 cm of snow melt? 


We first find the variation constant using the data and then find an equa- 
tion of variation: 


W=ks W varies directly as S. 
16.8 = k- 150 Substituting 
16. 
ee =k Solving for k 
0.112 = k. This is the variation 
constant. 


The equation of variation is W = 0.1128. 


Next, we use the equation to find how many centimeters of water will 3. Ohm’s Law. Ohm’s Law states 
result from melting 200 cm of snow: that the voltage Vin an electric 
circuit varies directly as the 
W = 0.1128 number of amperes J of electric 
W = 0.112(200) _— Substituting current in the circuit. If the 
W = 22.4. voltage is 10 volts when the 
current is 3 amperes, what is 
Thus, 200 cm of snow will melt to 22.4 cm of water. ) the voltage when the current is 
15 amperes? 
| Do Exercises 3 and 4. (Exercise 4 is on the following page.) 
Answers 
1. Sy = =x 2. 0.7;y =0.7x 3. 50 volts 
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4. Bees and Honey. The amount 
of honey H produced varies 
directly as the number of bees 
who produce the honey. It takes 
15,000 bees to produce 25 lb of 
honey. How much honey is 
produced by 40,000 bees? 


Answer 


2 
4. 66 3ib 


(€) Equations of Inverse Variation 


A bus is traveling a distance of 20 mi. At a speed of 5 mph, the trip will take 
4 hr; at 20 mph, it will take 1 hr; at 40 mph, it will take $ hr; and so on. We plot 
this information on a graph, using speed as the first coordinate and time as 
the second coordinate to determine a set of ordered pairs: 


(5, 4), (10, 2), t 
(20,2), (40,4), : 
and so on. 45 


Time (in hours) 


Speed (in miles per hour) 


Note that the products of the coordinates are all the same number: 
5:4 = 20, 20-1 = 20, 40 - 3 = 20, and so on. 


Whenever a situation produces pairs of numbers in which the product is 
constant, we say that there is inverse variation. Here the time varies inversely 
as the speed: 


20 
rt = 20(aconstant), or t= 7 


The equation is an equation of inverse variation. The coefficient, 20, in the 
situation above, is called the variation constant. Note that as the first num- 
ber (speed) increases, the second number (time) decreases. 


INVERSE VARIATION 


If a situation gives rise to a function f(x) = k/x, ory = k/x, where k is 
a positive constant, we say that we have inverse variation, or that y 
varies inversely as x, or that y is inversely proportional to x. The number 
kis called the variation constant, or constant of proportionality. 


EXAMPLE 3 Find the variation constant and an equation of variation in 
which y varies inversely as x, and y = 32 when x = 0.2. 


We know that (0.2, 32) is a solution of y = k/x. We substitute: 


wea! 
yx 
32 = 02 Substituting 
(0.2)32 = k Solving for k 
6.4 = k. 
wing’ : : eee 6.4 
The variation constant is 6.4. The equation of variation is y = os ) 
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It is helpful to look at the graph of y = k/x, 

k > 0. The graph is like the one shown at right 
for positive values of x. Note that as x increases, 
y decreases. 


5. Find the variation constant and 
an equation of variation in 
which y varies inversely as x, and 


Do Exercise 5. y = 0.012 when x = 50. 


an 


(d) Applications of Inverse Variation 


Qa. 


EXAMPLE 4 Musical Pitch. The pitch P of a musical tone varies in- 
versely as its wavelength W. One tone has a pitch of 550 vibrations per second 
and a wavelength of 1.92 ft. Find the pitch of another tone that has a wave- 
length of 3.2 ft. 


We first find the variation constant using the data given and then find an 
equation of variation: 


k 
P=— P varies inversely as W. 
Ww 
550 K Substituti 
= —— stitutin 
ee 
1056 = k. Solving for k, the variation constant 
1056 
The equation of variation is P = WwW 
Next, we use the equation to find the pitch of a tone that has a wavelength 
of 3.2 ft: 
6. Cleaning Bleachers. The time 
1056 . ps P. ; ne 
P=—_ Equation of variation 600 t to do a job varies inversely as 
Ww the number of people P who 
1056 a 500 work on the job (assuming that 
~ 39 Substituting oe all work at the same rate). It 
takes 4.5 hr for 12 people to 
P = 330. 300 


clean a section of bleachers after 
a NASCAR race. How long would 
it take 15 people to complete the 
same job? 


| ! | | ! | | ! 
0 i 2 3 4 5 6 7 8WwW 


The pitch of a musical tone that has a wavelength of 3.2 ft is 330 vibrations 
per second. ) 


| Do Exercise 6. 


Answers 


0.6 


5. 0.6;y=—— 6. 3.6hr 
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(e) Other Kinds of Variation 


We now look at other kinds of variation. Consider 
the equation for the area of a circle, in which A and 
r are variables and 77 is a constant: 


A=r*, or,asafunction, A(r) = 7r?. 


We say that the area varies directly as the square of the radius. 


y varies directly as the nth power of x if there is some positive constant 
k such that y = kx”. 


| EXAMPLE 5 Find an equation of variation in which y varies directly as the 
square of x, and y = 12 whenx = 2. 


We write an equation of variation and find k: VA 
aE 
y = kx 7 47 | pe x 
12 = k- 2? al 
12=k-4 + 
3=k. 


7. Find an equation of variation in 
which y varies directly as the Thus, y = 3x2. ) 
square of x, and y = 175 when 


x=5, Do Exercise 7. 


From the law of gravity, we know 
that the weight W of an object varies 
inversely as the square of its distance 
d from the center of the earth: 

k 


WH ae 


y varies inversely as the nth power of x if there is some positive constant 
k such that 


Answer 
Tony = tke 
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| EXAMPLE 6 Find an equation of variation in which W varies inversely as 
the square of d, and W = 3 whend = 5. 


k 
ear 
_k _ 
3= 52 Substituting 

k 

935 

75=k 

5 

Thus, W = —,. 

a ) 


Do Exercise 8. 


Consider the equation for the area A of a triangle with height h and base b: 
A= 5bh. We say that the area varies jointly as the height and the base. 


y varies jointly as x and z if there is some positive constant k such that 


y = kxz. 


’ EXAMPLE 7 Find an equation of variation in which y varies jointly as x 
and z, andy = 42 when x = 2 andz = 3. 


y = kxz 
42=k-2-3 Substituting 
42=k-6 
7=k 
Thus, y = 7xz. ) 


| Do Exercise 9. 


Different types of variation can be combined. For example, the equation 
2 


XZ 
=f. 
4 w 


asserts that y varies jointly as x and the square of z, and inversely as w. 
' EXAMPLE 8 Find an equation of variation in which y varies jointly as x 


and z and inversely as the square of w, and y = 105 when x = 3, z = 20, and 
Ww = 2. 


XZ 
=f ce 
y ue 
“2 
105 = k- 52 Substituting 
105 = k- 15 
7= 


) 
Do Exercise 10. 


8. 


10. 


. Find an equation of variation in 


which y varies inversely as the 
square of x, and y = } when 
x = @, 


. Find an equation of variation in 


which y varies jointly as x and z, 
and y = 65 when x = 10 and 
Z 3s 


Find an equation of variation in 
which y varies jointly as x and 
the square of z and inversely as 
w, and y = 80 when x = 4, 

z= 10,andw = 25. 


Answers 


9 1 5xz2 


== %y=5xe lO y= 
yon SY= 5H ale 
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11. 


12. 


Distance of a Dropped Object. 
The distance s that an object 
falls when dropped from some 
point above the ground varies 
directly as the square of the time 
t that it falls. If the object falls 
19.6 m in 2 sec, how far will the 
object fall in 10 sec? 


Electrical Resistance. Ata 
fixed temperature, the resistance 
R of a wire varies directly as the 
length / and inversely as the 
square of its diameter d. If the 
resistance is 0.1 ohm when the 
diameter is 1 mm and the length 
is 50 cm, what is the resistance 
when the length is 2000 cm and 
the diameter is 2 mm? 


Answers 
11. 490m =12. lohm 
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(f) Other Applications of Variation 

Many problem situations can be described with equations of variation. 
EXAMPLE 9 Volume of a Tree. The volume of wood V in a tree varies 
jointly as the height / and the square of the girth g (girth is distance around). 


If the volume of a redwood tree is 216 m? when the height is 30 m and the girth 
is 1.5 m, what is the height of a tree whose volume is 960 m° and girth is 2 m? 


cr 


h< 


We first find k using the first set of data. Then we solve for h using the 
second set of data. 


V = khg? 
216 = k- 30- 1.52 
3.2=k 


Then the equation of variation is V = 3.2hg2. We substitute the second set of 
data into the equation: 


960 = 3.2-h- 2? 
75 = h. 
Therefore, the height of the tree is 75 m. ) 


EXAMPLE 10 JV Signal. The intensity J of a TV signal varies inversely as 
the square of the distance d from the transmitter. If the intensity is 23 watts 
per square meter (W/m7) at a distance of 2 km, what is the intensity at a 
distance of 6 km? 

We first find k using the first set 
of data. Then we solve for J using the 
second set of data. 


k 
ae 

k 
a8 = op 
ae 


Then the equation of variation is I = 92/d*. We substitute the second distance 
into the equation: 


2 92 
= = = 3 © 2.56 Rounded to the nearest hundredth 
d 6 
Therefore, at 6 km, the intensity is about 2.56 W/m?. ) 


Do Exercises 11 and 12. 
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Exercise Set 


For Extra Help 


MyMathLab 


vere, TI & 


PRACTICE WATCH DOWNLOAD 


REVIEW 


READ 


(a) Find the variation constant and an equation of variation in which y varies directly as x and the following are true. 


1. y = 40 when x = 8 


4. y = 3when x = 33 


(b) Solve. 


7. Shipping by Semi Truck. The number of semi trucks T 
needed to ship metal varies directly as the weight W of 
the metal. It takes 75 semi trucks to ship 1500 tons of 
metal. How many trucks are needed for 3500 tons of 
metal? 

Source: www.scrappy.com/bargePage05.htm 


9. Aluminum Usage. The number N of aluminum cans 
used each year varies directly as the number of people 
using the cans. If 250 people use 60,000 cans in one 
year, how many cans are used each year in Seattle, 
Washington, which has a population of 563,374? 


11. Fat Intake. The maximum number of grams of fat that 
should be in a diet varies directly as a person's weight. A 
person weighing 120 lb should have no more than 60 g 
of fat per day. What is the maximum daily fat intake for a 
person weighing 180 Ib? 


13. Mass of Water in Body. The number of kilograms W of 
water in a human body varies directly as the mass of the 
body. A 96-kg person contains 64 kg of water. How many 
kilograms of water are in a 60-kg person? 


2. y = 54when x = 12 


5. y = 0.9 when x = 0.4 


8. Shipping by Rail Cars. 


3. y = 4when x = 30 


6. y = 0.8 when x = 0.2 


The number of rail cars R 
needed to ship metal varies directly as the weight W of 
the metal. It takes approximately 21 rail cars to ship 
1500 tons of metal. How many rail cars are needed for 
3500 tons of metal? 


Source: www.scrappy.com/bargePage05.htm 


10. Hooke’s Law. Hooke’s law states that the distance d 


12 


14 


that a spring is stretched by a hanging object varies 
directly as the weight w of the object. If a spring is 
stretched 40 cm by a 3-kg barbell, what is the distance 
stretched by a 5-kg barbell? 


Relative Aperture. The relative aperture, or f-stop, of a 
23.5-mm diameter lens is directly proportional to the 
focal length F of the lens. Ifa 150-mm focal length has 
an f-stop of 6.3, find the f-stop of a 23.5-mm diameter 
lens with a focal length of 80 mm. 


Weight on Mars. The weight M ofan object on Mars 
varies directly as its weight E on Earth. A person who 
weighs 95 lb on Earth weighs 38 lb on Mars. How much 
would a 100-lb person weigh on Mars? 
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< } Find the variation constant and an equation of variation in which y varies inversely as x and the following are true. 


15. y = 14whenx = 7 16. y = 1 when x = 8 17. y = 3 when x = 12 

18. y = 12 when x = 5 19. y = 0.1 when x = 0.5 20. y = 1.8 when x = 0.3 

vy N 

(d) Solve. 

21. Work Rate. The time T required to do a job varies 22. Pumping Rate. The time t required to empty a tank 
inversely as the number of people P working. It takes varies inversely as the rate r of pumping. If a pump can 
5 hr for 7 bricklayers to build a park wall. How long will empty a tank in 45 min at the rate of 600 kL/min, how 
it take 10 bricklayers to complete the job? long will it take the pump to empty the same tank at the 

rate of 1000 kL/min? 

23. Current and Resistance. The current Jin an electrical 24. Wavelength and Frequency. The wavelength W ofa 
conductor varies inversely as the resistance R of the radio wave varies inversely as its frequency F. A wave 
conductor. If the current is } ampere when the resistance with a frequency of 1200 kilohertz has a length of 
is 240 ohms, what is the current when the resistance is 300 meters. What is the length of a wave with a 
540 ohms? frequency of 800 kilohertz? 

25. Beam Weight. The weight W that a horizontal beam 26. Musical Pitch. The pitch P of a musical tone varies 
can support varies inversely as the length L of the beam. inversely as its wavelength W. One tone has a pitch of 
Suppose that a 12-ft beam can support 1200 lb. How 440 vibrations per second and a wavelength of 2.4 ft. 
many kilograms can a 15-ft beam support? Find the wavelength of another tone that has a pitch of 


275 vibrations per second. 


27. Rate of Travel. The time trequired to drive a fixed 28. Volume and Pressure. The volume V ofa gas varies 
distance varies inversely as the speed r. It takes 5 hr ata inversely as the pressure P upon it. The volume of a gas 
speed of 80 km/h to drive a fixed distance. How long will is 200 cm under a pressure of 32 kg/cm?. What will be 
it take to drive the same distance at a speed of 70 km/h? its volume under a pressure of 40 kg/cm?? 


‘A 
\e | Find an equation of variation in which the following are true. 


29. y varies directly as the square of x, and y = 0.15 when 30. y varies directly as the square of x, and y = 6 when 
x=0.1 x=3 
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31. y varies inversely as the square of x, and y = 0.15 when 
x=0.1 


33. y varies jointly as x and z, and y = 56 when x = 7 and 
z=8 


35. y varies jointly as x and the square of z, and y = 105 
when x = 14andz=5 


37. y varies jointly as x and z and inversely as the product of 
wand p, and y = 3 when x = 3,2 = 10,w = 7, and 
p=8 


(f) Solve. 


39. Intensity of Light. The intensity J of light from a light 
bulb varies inversely as the square of the distance d 
from the bulb. Suppose that J is 90 W/m? (watts per 
square meter) when the distance is 5m. How much 
further would it be to a point where the intensity is 
40 W/m2? 


41. Weight ofan Astronaut. The weight W ofan object 
varies inversely as the square of the distance d from the 
center of the earth. At sea level (3978 mi from the center 
of the earth), an astronaut weighs 220 lb. Find his weight 
when he is 200 mi above the surface of the earth and the 
spacecraft is not in motion. 


43. Earned-Run Average. A pitcher’s earned-run average E 
varies directly as the number R of earned runs allowed 
and inversely as the number J of innings pitched. In 
2009, CC Sabathia of the New York Yankees had an 
earned-run average of 3.37. He gave up 86 earned runs 
in 230 innings. How many earned runs would he have 
given up had he pitched 255 innings with the same 
average? Round to the nearest whole number. 

Source: Major League Baseball 


32. y varies inversely as the square of x, and y = 6 when 
x=3 


34. y varies directly as x and inversely as z, and y = 4 when 


x= 12andz= 15 


36. y varies jointly as x and z and inversely as w, and y = 3 


when x = 2,z = 3,andw = 4 


38. y varies jointly as x and z and inversely as the square of 


w, and y = whenx = 16,z = 3,andw = 5 


40. Stopping Distance of a Car. The stopping distance d 
of a car after the brakes have been applied varies 
directly as the square of the speed r. Ifa car traveling 
60 mph can stop in 200 ft, how fast can a car travel and 
still stop in 72 ft? 


! ll 


i | i } 
= gine Me tire ot DteltMte h a Bel ce gles 


42. Combined Gas Law. The volume V of a given mass of 
a gas varies directly as the temperature T and inversely 
as the pressure P. If V = 231 cm? when T = 42° and 
P = 20kg/cm?, what is the volume when T = 30° and 
P = 15kg/cm?? 


44, Atmospheric Drag. Wind resistance, or atmospheric 
drag, tends to slow down moving objects. Atmospheric 
drag varies jointly as an object’s surface area A and 
velocity v. Ifa car traveling at a speed of 40 mph with 
a surface area of 37.8 ft? experiences a drag of 222 N 
(Newtons), how fast must a car with 51 ft? of surface 
area travel in order to experience a drag force of 430 N? 
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45. Water Flow. The amount Q of water emptied by a pipe 


varies directly as the square of the diameter d. A pipe 

5 in. in diameter will empty 225 gal of water over a fixed 
time period. If we assume the same kind of flow, how 
many gallons of water are emptied in the same amount 
of time by a pipe that is 9 in. in diameter? 


Skill Maintenance 


46. Weight ofa Sphere. The weight W ofa sphere ofa 
given material varies directly as its volume V, and its 
volume V varies directly as the cube of its diameter. 


a) Find an equation of variation relating the weight W 
to the diameter d. 

b) An iron ball that is 5 in. in diameter is known to weigh 
25 lb. Find the weight of an iron ball that is 8 in. in 
diameter. 


In each of Exercises 47-54, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


47. 


48. 


49. 


50. 


51. 


When two terms have the same variable(s) raised to the 
same power(s), they are called terms. 


angles are angles whose sum is 90°. [3.2b] 


If the sum of two polynomials is 0, they are called 
, or inverses of each 


other. [4.1d] 


The graph of x = ais a(n) line through the 


point (a,0).  [2.5c] 


of two sets A and B is the set of all 
{1.5a] 


The 
members that are common to A and B. 


52. A(n) function fis any function that can be 
described by f(x) = mx + b.  [2.4a] 

53. The states that for any real numbers a, b, 
andc,c # 0,a = bis equivalenttoa:c=b-c. [l.1c] 

54, A y-intercept is a point [2.5a] 

Synthesis 

55. In each of the following equations, state whether y 


57. 


varies directly as x, inversely as x, or neither directly nor 


inversely as x. 
a) 7xy = 14 b) x — 2y = 12 
c) —2x + 3y =0 d)x=<y 


Volume and Cost. 


[4.1c] 


multiplicative 
additive 
intersection 
union 

linear 

addition principle 
multiplication principle 
like 

opposite(s) 
supplementary 
complementary 
horizontal 
vertical 

(a, 0) 

(0, a) 


56. Area ofa Circle. The area ofa circle varies directly as 
the square of the length of a diameter. What is the 
variation constant? 


A peanut butter jar in the shape of a right circular cylinder is 4 in. high and 3 in. in diameter and sells 


for $1.20. If we assume that cost is proportional to volume, how much should a jar 6 in. high and 6 in. in diameter cost? 
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Summary and Review 


Key Terms, Properties, and Formulas 


rational expression, p. 412 proportional, p. 463 y is directly proportional to x, p. 478 
synthetic division, p. 438 direct variation, p. 478 inverse variation, p. 480 
complex rational expression, p. 443 equation of direct variation, p. 478 equation of inverse variation, p. 480 
rational equation, p. 452 variation constant, p. 478 y varies inversely as x, p. 480 
fraction equation, p. 452 constant of proportionality, p. 478 y is inversely proportional to x, p. 483 
proportion, p. 463 y varies directly as x, p. 478 joint variation, p. 483 
Direct Variation: y = kx Inverse Variation: y = = Joint Variation: y = kxz 

t t : : : 
Work Principle: a + 1, where a is the time needed for A to complete the job alone, b is the time needed 

for B to complete the job alone, and fis the time needed for A and B to complete the job 

working together. 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The expressions a — band —(b — a) are opposites, or additive inverses, of each other. 
[5.2a] 

2. If yis inversely proportional to x, then the rational function f(x) = k/x can model the 
situation. [5.8c] 


3. Clearing fractions is a valid procedure only when solving equations, not when adding, 
subtracting, multiplying, or dividing rational expressions. [5.5a] 


Important Concepts 


Objective 5.1a Find all numbers for which a rational expression is not defined or that are not in the 
domain of a rational function, and state the domain of the function. 


x? — 12x + 27 Practice Exercise 
Example Find the domain of f(x) = —,———_.. 
x“ + 6x — 16 1. Find the domain of 
The rational expression is not defined for a replacement jk ae Se = 28 
that makes the denominator 0. We set the denominator in) x2 + 3x — 54° 


equal to 0 and solve for x. 
x? + 6x — 16 =0 
(x + 8)(x—- 2) =0 
x+8=0 or x-2=0 
x=-8 or x=2 
The expression is not defined for replacements —8 and 2. 
Thus the domain is 


{x|x is areal number and x # —8 andx # 2}, or 
(—co, -8) U(—8, 2) U (2, 00). 
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a 


Objective 5.ic Simplify rational expressions. 


Example Simplify: eed 

’ De ae a8 

a @tIN@-t) @t1 @=i_ ai 
az7+7a-—8 (a+8)(€a-1) a+8 a-1l1 a 


Objective 5.le Divide rational expressions and simplify. 


_ oe t+2t4+4. 2-8 
Example Divide and simplify: wae ae: 
e+2t+4 8-8 f+ 2t+4 £3 +4 217 
32+ 6t +212 3f2+6r 23-8 
7 (12.+-2t-+ 4) (tj (t) (t+) 
3L&(t +2) (t — 2) (2 +2t+ 4) 
t 
pis By 


Practice Exercise 
2. Simplify: 
b2 -9 
b? — 5b - 24 


Practice Exercise 
3. Divide and simplify: 
w? — 125 


w-5 


w> + 8w2 + 15w 


Objective 5.2a Find the LCM of several algebraic expressions by factoring. 


Example Find the LCM of x”, 16x — 25, and 
Ax? — 15x? — 25x. 


We factor each expression completely: 


x2 = XX; 

16x? — 25 = (4x + 5)(4x — 5); 

4x3 — 15x* — 25x = x(4x + 5)(x — 5). 

LCM = x-x- (4x + 5) (4x — 5) (x — 5); 
= x*(4x + 5) (4x — 5) (x — 5) 


Objective 5.2b Add and subtract rational expressions. 


Example Subtract: 


Practice Exercise 


4. Find the LCM of x4, x° — 9x3, and 2x2 + llx + 15. 


Practice Exercise 


Ww 


3 25w 


x—-y 3y 5. Subtract: 
x2 + 3xy + 2y2 x? + 6xy + By? yee 5s 
First, we factor the denominator of each term. r2 + rs — 25% 9 2 — 52° 
x—y 3y ; 
txt EFHED CS anced p(x + sy). 
x= y 4 Oy 3y xo 2y 
(xt 2y)(xty) xt 5y (e+ Sy) (K+) x + 2y 
(x — y) (x + 5y) 3y(x + 2y) 
(x + 2y)(x+y)(x t+ By) (x + By) (x + y) (x + 2y) 
(x? + 4xy — 5y*) — (3xy + 6y?) 
(x + 2y) (x + y) (x + Sy) 
x? + 4xy — 5y* — 3xy — by? x? + xy — lly? 
(x + 2y)(x + y)(x+ Sy) (x + 2y)(x + y) (x + 5y) 
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Objective 5.3b Divide a polynomial by a divisor that is not a monomial, and if there is a remainder, 
express the result in two ways. 


Example Divide: (y2 — 2y + 13) + (y + 2). Practice Exercise 
y—4 6. Divide: 
+ 2) Diem mall 2 os as —= 
= y are The answer is y — 4,R21; (y ay) = 1), 
—4y + 13 ory—4+ : 
+ 
—4y- 8 ees 
21 


Objective 5.3¢ Use synthetic division to divide a polynomial by a binomial of the type x — a. 


Example Use synthetic division to divide: Practice Exercise 
(x3 — 2x2 — 6) + (x + 2). 7. Use synthetic division to divide: 
There is no x-term, so we write 0 for its coefficient. (x3 — 5x2 — 1) = (x + 3). 
Note that x + 2 = x — (—2), so we write —2 on the left. 
—2|1 -2 0 —-6 
=| 2 8 —16 The answer is x2 — el 8, R-22; 


1 —4 8 |-22 orx? — 4x + 84 . 
x+2 


Objective 5.4a Simplify complex rational expressions. 


2.5 Practice Exercise 
x eee 
Example Simplify: 2 7 8. Simplify: 
2 8 
— + — es —_ 
x y a i b 
The LCM of all denominators is xy. 8. 2: 
2 5 2 =#«5 2 5 a Db 
xy xy 
x y xX yy xy _ x y _ 2y — 5x 
2 2 5 2 bye 2 
2 2 sd “xy +—- xy eee 
x y * Yy x y 
Objective 5.5a Solve rational equations. 
Example Solve: Practice Exercise 
12 3. 1 9. Solve: 
a= 6e>7 £57 #1 5 3 4 
The LCM of the denominators is (x — 7) (x + 1).We multiply x-4 x+5 x24 37-207 
all terms on both sides by (x — 7)(x + 1). 
12 3 1 
7 + 1 = i Ly 
(r= Net (5B - 36) -0-ne@+y 


12-3(x+1)=x-7 
12-3x-3=x-7 
9-3x=x-7 
—4x = —16 

x=4 


We must always check possible solutions. The number 4 checks in 
the original equation. The solution is 4. 


x 
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a 


x 


Objective 5.8a Find an equation of direct variation given a pair of values of the variables. 


Example Find the variation constant and an equation of vari- 


ation in which y varies directly as x, and y = 44 when x = B. 


y= kx Direct variation 
44=k-+2 Substituting 
7:44=k 
20 = 


The variation constant is 20. The equation of variation is 
y = 20x. 


Practice Exercise 


10. Find the variation constant and an equation of 
variation in which y varies directly as x, andy = 62 
when x = §. 


Objective 5.8c Find an equation of inverse variation given a pair of values of the variables. 


Example Find the variation constant and an equation of vari- 


ation in which y varies inversely as x, and y = 7, when x = 2. 


k 
= Inverse variation 
GS ik 
— => ~~ Substitutin 
18 2 . 
io 
18 
5 
=<=f 
9 
The variation constant is 3. The equation of variation is 
Se Be 


Review Exercises 


1. Find all numbers for which the rational expression 
x*— 3x +2 
x?-9 
is not defined. [5.1la] 


2. Find the domain of f where 
x? — 3x +2 


f(x) > ee are [5.la] 


Simplify. [5.1c] 
4x* — 7x — 2 


az+2a+4 
2x2 4+ 11x +2 


a®—8 


Find the LCM. [5.2a] 
5. 6x3, 16x? 


6. x2 — 49, 3x + 1 


7x2 + x—- 20, x2 + 3x—- 10 


Practice Exercise 


11. Find the variation constant and an equation of 
variation in which y varies inversely as x, and y = 3 
when x = 15. 


Perform the indicated operations and simplify. [5.1d, el], 
[5.2b, c] 
y?—64 y+5 


Oras 
2y+10 y+8 


x3-—8 x%+10x+ 25 


9. 
x27 -25 x2+2x+4 
9a*-1 3at+1 
10. 
az —-—9 at+3 
x3-64 x2+5x4+6 
11. ; 
x*-16 x*-3x- 18 
K 2 
12. 
x?+5x+6 x2+3x4+2 
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Divide. 
15. (16ab%c — 10ab2c2 + 12a%b2c) + (4ab)  [5.3a] 


16. (y? 


20y + 64) + (y— 6) [5.3b] 


17. (6x4 + 3x2 + 5x + 4) + (x2 + 2) [5.3b] 


Divide using synthetic division. Show your work. [5.3c] 
18. (x3 + 5x2 + 4x — 7) + (x — 4) 


19. (3x4 


5x3 + 2x — 7) + (x +1) 


Simplify. [5.4a] 


20. 


21. 


x2 — 5x — 36 
x2 — 36 
x2 +x-12 
x? — 12x + 36 


22. 


23. 


Solve. [5.5a] 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


x x 
eile, Ee 


=] 

4 ib 

ae 
3x+2 2x 

ax 4,4._4 
x+1 x x-7+x 

90 5x 405 
x2-—-3x+9 x+3 3x34 27 
2 1 1 


2-3 4x +20 x24 2x—15 


Given that 


fla) = 2 4+5, 


xX 
find all x for which f(x) = 5. 


House Painting. David can paint the outside of a 
house in 12 hr. Bill can paint the same house in 9 hr. 
How long would it take them working together to 
paint the house? [5.6a] 


Boat Travel. The current of the Gold River is 6 mph. 
A boat travels 50 mi downstream in the same time 
that it takes to travel 30 mi upstream. Complete the 
table below and then find the speed of the boat in still 


water. [5.6c] 
DISTANCE SPEED 


DOWNSTREAM | 
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32. Travel Distance. Fred operates a potato-chip delivery 38. Test Score. The score Nona test varies directly as 
route. He drives 800 mi in 3 days. How far will he travel the number of correct responses a. Ellen answers 
in 15 days? [5.6b] 28 questions correctly and earns a score of 87. What 

would Ellen's score have been if she had answered 
25 questions correctly? [5.8b] 


Solve for the indicated letter. [5.7a] 
39. Power of Electric Current. The power P expended 


33. W = ie for d; for c by heat in an electric circuit of fixed resistance varies 
d directly as the square of the current Cin the circuit. 
A circuit expends 180 watts when a current of 6 amperes 
is flowing. What is the amount of heat expended when 
the current is 10 amperes? [5.8f] 


34. S = — + -, for b; fort 


Q(B 
a4 


x2— x 


——_———.. |5,la 
x2 — 2x — 35 ie 


40. Find the domain of f(x) = 


35. Find an equation of variation in which y varies directly 
as x,andy = 100 when x = 25. [5.8a] 


41. Find the LCM of x°, x — 4,x2 — 4,andx2 — 4x. [5.2a] 
36. Find an equation of variation in which y varies A. x(x — 4)? 
inversely as x, and y = 100 when x = 25. [5.8c] 


B. (x — 4) (x + 4) 
C. x5(x — 4) (x — 2) (x + 2) 
D. x°(x — 4)? 
37. Pumping Time. The time trequired to empty a tank 
varies inversely as the rate r of pumping. Ifa pump can . 
empty a tank in 35 min at the rate of 800 kL per minute, Synthesis 
how long will it take the pump to empty the same tank ; : oo a—b 
at the rate of 1400 kL per minute? [5.8d] 42. Find the reciprocal and simplify: aio Be [5.1c, e] 
5 5 65 
43. Solve: = » [5 Sal 


x-13 x x%- 13x 


Understanding Through Discussion and Writing 


1. Discuss at least three different uses of the LCM studied 4. If y varies directly as x and x varies inversely as z, how 
in this chapter. [5.2b], [5.4a], [5.5a] does y vary with regard to z? Why? [5.8a, c, e] 


2. You have learned to solve a new kind of equation in 


: . : . 5. Explain how you might easily create rational equa- 
this chapter. Explain how this type differs from those 


tions for which there is no solution. (See Example 4 of 


you have studied previously and how the equation- Section 5.5 forahint.) [5.5al 
solving process differs. [5.5a] 
3. Explain why it is sufficient, when checking a possible 6. Which is easier to solve for x? Explain why. —[5.7a] 
solution of a rational equation, to verify that the number oe sil 1 De le lh 
in question does not make a denominator 0. [5.5a] 38°47 ~«x ~ b x 
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5 Test 


For Extra Help 
A test Prep 


1. Find all numbers for which the rational expression 
x? — 16 
x? — 3x + 2 
is not defined. 


Simplify. 
12x2 + llx + 2 
SS 
Age = Fe =P 


5. Find the LCM of x? + x — 6and x” + 8x + 15. 


Perform the indicated operations and simplify. 
Dae ye ae Bl) are 


6 
x2-4 sek 5 
yo 1G Say 4 
2y+6 y+3 
1 Sep 2 3 
10. t 
xt+1 x2-] x-1 
Divide. 


12. (20r2s3 + 15r2s* — 10r3s3) + (5r2s) 


14, (4x4 + 3x3 -— 5x — 2) + (x2 + 1) 


Divide using synthetic division. Show your work. 
15. (x3 + 3x2 + 2x — 6) + (x — 3) 


Simplify. 
ra 
iz x* 
1 
1 Ses 
x 


19. Given that 
2 2 
= + 5 
F(x) so = Il sar 2 


find all x for which f(x) = 1. 


Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
on DVD, in mymathLab )_, and on You{fily (search “BittingerinterAlgPB” and click on “Channels”. 


2. Find the domain of fwhere 


x2 — 16 
2) = 
f(x) 50 = Bye te D 


5g 5 
se? ob lili 4 SO) gp? SE Ge 4 


A eas b 2 
‘ (a2 +ab+b? a3 v3 


13. (y? + 125) + (y + 5) 


16. (3x3 + 22x? — 160) + (x + 4) 


ye 
3S &) 
a b 
18. 
eal 
a 19) 
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24. Completing a Puzzle. Working together, Rachel and 
Jessie can complete a jigsaw puzzle in 1.5 hr. Rachel 
takes 4 hr longer than Jessie does when working alone. 
How long would it take Jessie to complete the puzzle? 


21. t = 


23. 


25. Bicycle Travel. David can bicycle at a rate of 12 mph 
when there is no wind. Against the wind, David bikes 
8 mi in the same time that it takes to bike 14 mi with the 
wind. What is the speed of the wind? 


26. Predicting Paint Needs. Logan and Noah run a summer painting company to defray their college expenses. They need 
4 gal of paint to paint 1700 ft? of clapboard. How much paint would they need for a building with 6000 ft? of clapboard? 


Solve for the indicated letter. 


25 I = ee ae for b 
a= lp 


29. Find an equation of variation in which Q varies jointly as 
x and y, and Q = 25 when x = 2 andy = 5. 


31. Income vs Time. Kaylee’s income I varies directly as the 
time t worked. She gets a job that pays $550 for 40 hr of 
work. What is she paid for working 72 hr, assuming that 
there is no change in pay scale for overtime? 


33. Area ofa Balloon. The surface area of a balloon varies 
directly as the square of its radius. The area is 314 cm? 
when the radius is 5 cm. What is the area when the 
radius is 7 cm? 


Synthesis 


28. Q = 


30. Find an equation of variation in which y varies inversely 
as x, and y = 10 when x = 25. 


32. Time and Speed. The time t required to drive a fixed 
distance varies inversely as the speed r. It takes 5 hr at 
60 km/h to drive a fixed distance. How long would it take 
to drive that same distance at 40 km/h? 


34. Find the LCM of 6x”, 3x* — 3y?, and x? — 2xy — 3y?. 
A. 3x2(2x + y) (x — 3y) 


1h, (dee se i) (ae = AV (Ge = Si9) 
Cx3x(ee (x = ¥) 
DiGxe(x yi(x = y) (4 3y) 


36. Find the x- and y-intercepts of the function fgiven by 


Be, fees 
Nate) eX 2 
ea 


+ 
m= 8} sear at 
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7p one — iis} = (0) 


YA 


5. Given that g(x) = |x — 4| + 5, find g(—2). 


6. Given that 
= 2 
eo) == ——}, 
f(x) mace 


find the domain. 


7. Find the domain and the range of the function graphed 
below. 


Cumulative Review 


Simplify. 


8. (6m — n)? 9. (3a — 4b) (5a + 2b) 


2-4 y+l1l 2 
10, 2 ay: uy, 225, Sx +5 
Sypse Ss) par 2 x2 — 16 gH A 
2 
peal 2 Se 
Oe AF XS y 
12. : 
Ale = 2 aye = IB) 8 oes 
y3 
14, (6p? — 2p + 5) — (-10p? + 6p + 5) 
2 3} sear Il 


15 + 


16. (2x3 — 7x2 + x — 3) + (x + 2) 


Solve. 
17. 9y — (5y — 3) = 33 


1G =3 < =22 = 6 < @ 


3G 6 24 
19. = 

= 2 sear 2 x2 -—4 

3a @) 

.P= } ~F=—_C + 32, 
20. P a4 pera 7Ale Je 5c Sy, ligne (CG 
22a 231 Bay eee 

= Be 


24. 8x = 1 + 16x2 25. 14 + 3x = 2x2 
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Solve. 43. Waste Generation. The amount of waste generated 
by a fast-food restaurant varies directly as the number 


26. 4x — 2y = 6, 27. 4x + 5y = —3, : 
6x — 3y =9 x=1-3y of customers served. A typical restaurant that serves 
2000 customers per day generates 238 lb of waste daily. 
How many pounds of waste would be generated daily 
by a restaurant that serves 1700 customers a day? 
Px gear 2) —= ig =f), 29. x + 6y + 4z 2 
2x — 3y + 4z = —4, Ax + 4y Z=2, 
bee = 2s 6 =o 3% 4G 2y = 4z°—= 5 
Factor. 
30. 4x3 + 18x? Sigg 4a 6a 
3297-4 Se) ne fe ee 1) 
34. 16y? — 81 35. t? — 16t + 64 
3 oe 3 4 28 
36. 64x° + 8 37. 0.027b° — 0.008c 44. Solve: , 
=i gesp 3 5p? = ap = 1D 
A. No solution B. 0 
ae : =i 8 D. 4,—-3 
38. x° — x ahh ZUR se Toe = 3} 
40. Find an equation of the line with slope — 5 passing 
through the point (2, —2). 45. Solve: x2 — x -6=6. 
A. 4,9 B. 3,8 
C. 4,—3 D. 0, 1 


41. Find an equation of the line that is perpendicular to 
the line 2x + y = 5 and passes through the point 


(ll). 
46. Tank Filling. An oil storage tank can be filled in 10 hr 
: by ship A working alone and in 15 hr by ship B working 
42. Hockey Results. A hockey team played 81 games ina alone. How many hours would it take to fill the oil stor- 
season. They won 1 fewer game than three times the age tank if both ships A and B are working? 


number of ties and lost 8 fewer games than they won. 


: A. 8 hr B. 6 hr 
H did th ? lose? tie? 
ow Many games dl ey wins loses tie C. 123 hr D. 25 hr 
Synthesis 


47. The graph of y = ax* + bx + ccontains the three points 
(4, 2), (2, 0), and (1, 2). Find a, b, and c. 


Solve. 
48. 16x° = x 


pees 9110 28x 
ee) ea ae 
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6.1 Radical Expressions 
and Functions 


6.2 Rational Numbers as Exponents: 

6.3 Simplifying Radical Expressions - 

6.4 Addition, Subtraction, and 
More Multiplication 

MID-CHAPTER REVIEW 

6.5 More on Division of 
Radical Expressions 

6.6 Solving Radical Equations 

6.7 Applications Involving Powers ~s 
and Roots 

TRANSLATING FOR SUCCESS 

6.8 The Complex Numbers 


SUMMARY AND REVIEW 
TEST 
CUMULATIVE REVIEW 


Real-World Application 


The geologically formed, open-air Red Rocks Amphitheatre near Denver, Colorado, 
hosts a series of concerts. A scientific instrument at one of these concerts determined 
that the sound of the music was traveling at a rate of 1170 ft/sec. What was the air 
temperature at the concert? 


This problem appears as Example 9 in Section 6.6. 
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Find the square roots. 
1.9 


4. V1 5. V36 


/ 81 = 
th «faa . .0064 
6 100 7. V0.006 


Answers 
1.3,-3 2.6,- 


41 56 6 


In this section, we consider roots, such as square roots and cube roots. We 
define the symbolism and consider methods of manipulating symbols to get 
equivalent expressions. 


(a) Square Roots and 
Square-Root Functions 
When we raise a number to the second power, we say that we have squared 


the number. Sometimes we may need to find the number that was squared. 
We call this process finding a square root of a number. 


SQUARE ROOT 


The number c is a square root of aif c2 = a. 


For example: 


5 is a square root of 25 because 5* = 5-5 = 25; 
—5 is a square root of 25 because (—5)? = (—5)(—5) = 25. 


The number —4 does not have a real-number square root because there 
is no real number c such that c2 = —4. 


PROPERTIES OF SQUARE ROOTS 


Every positive real number has two real-number square roots. 
The number 0 has just one square root, 0 itself. 
Negative numbers do not have real-number square roots.* 


! EXAMPLE 1 Find the two square roots of 64. 


The square roots of 64 are 8 and —8 because 8” = 64 and (—8)* = 64. 
Do Exercises 1-3. J 
PRINCIPAL SQUARE ROOT 


The principal square root of a nonnegative number is its nonnegative 


square root. The symbol Va represents the principal square root of a. 
To name the negative square root of a, we can write — Va. 


*In Section 6.8, we wil consider a number system in which negative numbers do have 
square roots. 
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' EXAMPLES Simplify. 


2. oo 7 Remember: V _ indicates the principal 
(nonnegative) square root. 

3. —-V25 = —5 
4. os ® pecause (2) eas ae 

64 8 8 8 8 64 
5. V0.0049 = 0.07 because (0.07)? = (0.07) (0.07) = 0.0049. 
6. —V0.000001 = —0.001 
7. V0 =0 
8. V—25 Does not exist as a real number. Negative numbers do not 


have real-number square roots. 


Do Exercises 4-13. (Exercises 4-7 are on the preceding page.) 


We found exact square roots in Examples 1-8. We often need to use rational 
numbers to approximate square roots that are irrational. (See Section R.1.) 
Such expressions can be found using a calculator with a square-root key. 


' EXAMPLES Use acalculator to approximate each of the following. 


Using acalculator with Rounded to three 


Number a 10-digit readout decimal places 
9. VI11 3.316624790 3.317 
10. V487 22.06807649 22.068 
ll. —V 7297.8 —85.42716196 —85.427 
12. = 9117229728 0.912 
\ 557 ) 
Do Exercises 14-19. 


RADICAL; RADICAL EXPRESSION; 
RADICAND 


The symbol V _ is called a radical. 
An expression written with a radical is called a radical expression. 
The expression written under the radical is called the radicand. 


These are radical expressions: 
V5, Va, —-V5x, Vy?4+7. 


The radicands in these expressions are 5, a, 5x, and y? + 7, respectively. 


' EXAMPLE 13 Identify the radicand in x V x2 -— 9, 
The radicand is the expression under the radical, x2 — 9. ) 


Do Exercises 20 and 21 on the following page. 


6.1 


Find each of the following. 
8. a) V16 9. a) V49 
b) —V16 b) — V49 
c) V-16 c) V—49 
25 /16 
10. eA 11. 7 
12. —V0.81 13. V 1.44 


It would be helpful to memorize the 
following table of exact square roots. 


TABLE OF COMMON 


SQUARE ROOTS 


Wil = il V196 = 14 
V4 = 2 225 — 5 
w= 3 V/256 = 16 
V16 = 4 V289 = 17 
Ws = & V/324 = 18 
V36 = 6 V361 = 19 
V49 = 7 400 = 20 
V64 = 8 V4A4l = 21 
V81 =9 V484 = 22 
V100=10 529 = 23 
V121=11 #£4V576 = 24 
V144=12 V625 = 25 
169 = 13 


Use a calculator to approximate 
each square root to three decimal 
places. 


14, V17 15. V40 

16. V1138 7/5 = VASHAS) 
[22 2103.4 

18. 35 19. — 67.82 

Answers 


8. (a) 4; (b) —4; (c) does not exist as a real 
number 9. (a) 7; (b) —7; (c) does not exist as 
arealnumber 10. 2 ii. ; 12. -0.9 
13.1.2 14. 4.123 15. 6.325 16. 33.734 
17. —29.455 18. 0.793 19. —5.569 
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Identify the radicand. 
ZO MON 2 Sear 


ay, 
21. 
War 8 


For the given function, find the 
indicated function values. 


22. g(x) = V6x + 4; g(0), g(3), 
and g(—5) 


23. f(x) = —Vx;_ f(4),f(7), 
and f(—3) 


Answers 


y 
y+3 
22. 2; 22 ~ 4.690; does not exist as a real 
number 23. —2;-—V7 ~ —2.646; does not 
exist as a real number 


20. 28+x 21. 


Since each nonnegative real number x has exactly one principal square 
root, the symbol Vx represents exactly one real number and thus can be used 
to define a square-root function: 


f(x) = Vx. 


The domain of this function is the set of nonnegative real numbers. In inter- 
val notation, the domain is [0, co). This function will be discussed further in 
Example 16. 


EXAMPLE 14 = For the given function, find the indicated function values: 
f(x) = V3x— 2; f(1), f(S5), and f(0). 
We have 

fQ) = v3-1-2 Substituting 1 for x 
=V3-2=VI1=1; Simplifying and taking the square root 

f(5) = V3-5=—2 Substituting 5 for x 
= V13 & 3.606; Simplifying and approximating 

f(0) = V3-0—2 — Substituting 0 for x 


= V-2. Negative radicand. No real-number function 
value exists; 0 is not in the domain of f i 


Do Exercises 22 and 23. 


' EXAMPLE 15 Find the domain of g(x) = Vx + 2. 


The expression Vx + 2 is a real number only when x + 2 is nonnega- 
tive. Thus the domain of g(x) = Vx + 2 is the set of all x-values for which 
x + 2 = 0. We solve as follows: 


x+220 
y= 2, Adding —2 
The domain of g = {x|x = —2} = [—2, 00). ) 


EXAMPLE 16 Graph: (a) f(x) = Vx; (b) g(x) = Vx + 2. 


We first find outputs as we did in Example 14. We can either select inputs 
that have exact outputs or use a calculator to make approximations. Once 
ordered pairs have been calculated, a smooth curve can be drawn. 


a) YA 
fx) = 
0 0 (0, 0) 4 f() = VE 6a 
1 1 (1, 1) 3 2 
3 7 (3, 1.7) a 
4 (4, 2) 
z 236 (7, 2.6) ~3-2-1,|.12.3.45 6789 & 
9 3 (9, 3) _9 


We can see from the table and the graph that the domain of fis [0, 00). 
The range is also the set of nonnegative real numbers [0, ©). 
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We can see from the table, the graph, and Example 15 that the domain of 
gis [—2, co). The range is the set of nonnegative real numbers [0, 00). 


Q 


| Do Exercises 24-27. 
Vs.\ ° ° 
(b) Finding Va 
In the expression V a, the radicand is a perfect square. It is tempting to think 


that Va? = a, but we see below that this is not the case. 


Suppose a = 5. Then we have V/52, which is V25, or 5. 
Suppose a = —5. Then we have V (—5)?, which is V’25, or 5. 
Suppose a = 0. Then we have V/02, which is V0, or 0. 


The symbol Va? never represents a negative number. It represents the 
principal square root of a2. Note the following. 


SIMPLIFYING Va? 

a= 0—>Va‘=a 

If a is positive or 0, the principal square root of a? is a. 

a< 0—~>Va‘=-a 

If ais negative, the principal square root of a” is the opposite of a. 


In all cases, the radical expression represents the absolute value of a. 


PRINCIPAL SQUARE ROOT OF a? 


For any real number a, Va” = |a|. The principal (nonnegative) square 
root of a? is the absolute value of a. 


The absolute value is used to ensure that the principal square root is 
nonnegative, which is as it is defined. 


y 

x g(x) = Vxt2 | (x, 8(x)) 
a) 0 (—2, 0) : gi) =Vxt+2. (10, 3.5) 
=] 1 (-1,1) 31°, 2.2) 

0 1.4 (0, 1.4) Cri “eee 28) 

3 22 (3, 2.2) = 

5 2.6 (5, 2.6) -2-1_| 12 3 4 5 67 8 9 10 
10 3.5 (10, 3.5) (-2, 0) 

XX S 


x 


Find the domain of each function. 


24, f(x) = Vx -—5 
25. g(x) = V2x +3 


Graph. 
26. g(x) = —Vx 


i 
ere 
Bale 
siodeneg 

Serbo tect 5 dont 


p43.2.1 


Answers 

24. {x|x = 5}, or[5, co) 
25. {xx = -#, or [—3, oo) 
26. y 


ff) = 2yx+3 
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Find each of the following. Assume 
that letters can represent any real 
number. 


28. V/y2 29. V/(—24)2 
30. V(5y)2 31. V16y2 
32. V(x + 7)2 

33. V4(x — 2)2 

34. V49(y + 5)? 

35. Vx2 — 6x + 9 


Find each of the following. 


36. V/—-64 37. W27y3 


38. V/8(x + 2)3 39. 3 = 


Answers 


28. |y| 29. 24 = 30. Sly| 31. ly 
32. |x+7| 33. 2|x-—2| 34. 7ly + 5| 
35. |x -—3| 36. -4 37. 3y 


7 
38. 2x+2) 39-7 


' EXAMPLES Find each of the following. Assume that letters can represent 


any real number. 


17. V(-16)* = |-16|, or 16 

18. V (3b)? = |3b| = |3| - |b] = 3)d| 
|3b| can be simplified to 3|b| because the absolute value of any product is the 
product of the absolute values. That is, |a - b| = |al - |b]. 

19. V(x — 1)? = |x - J Caution! 


20. Vx? + 8x + 16 = V(x + 4)? 


|x + 4| is not the 
= |x + 4|< 


same as |x| + 4. 


Do Exercises 28-35. 


(c) Cube Roots 
WwW 


CUBE ROOT 


The number c is the cube root of a, written Wa, if the third power of c 
is a—that is, if c? = a, then Wa = c. 


For example: 


2 is the cube root of 8 because 23 = 2-2-2 = 8; 
—4 is the cube root of —64 because (—4)3 = (—4)(—4)(—4) = —64. 


We talk about the cube root of a number rather than a cube root because of 
the following. 


Every real number has exactly one cube root in the system of real 
numbers. The symbol Wa represents the cube root of a. 


EXAMPLES Find each of the following. 
21. W/8 = 2 because 23 = 8. 22. W/-27 = -3 


21 
23. {-= = -? 24. W/0.001 = 0.1 


25. Wx8 =x 26. W/—-8 = —2 
27 VG = 0 28. \/—8y3 = W/(—2y)3 = —2y 


When we are determining a cube root, no absolute-value signs are 
needed because a real number has just one cube root. The real-number cube 
root of a positive number is positive. The real-number cube root of a nega- 
tive number is negative. The cube root of 0 is 0. That is, Wa3 = a whether 
a>0,a<0,ora=0. 


Do Exercises 36-39. 
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Since the symbol Wx represents exactly one real number, it can be used 
to define a cube-root function: f(x) = Wk. 


' EXAMPLE 29 For the given function, find the indicated function values: 
f(x) = Wx; (125), f(0), f(-8), and f(-10). 


We have 
f(125) = V/125 = 5; 
f(0) = Vo = 0; 
f3) = v se 40. For the given function, find the 
f(-10) = W-10 = —2.154. ) indicated function values: 


Ct) = eB 28) 
Do Exercise 40. g(4), g(—-1), and g(11). 


The graph of f(x) = \/x is shown below for reference. Note that both the 
domain and the range consist of the entire set of real numbers, (— 09, 00). 


f= Ve 


(8, 2) 


4 
3 
2 


1 
(0,02 
-8-7-6-5-4-3-2-1 


> 
12345678 'x% 


(d) Odd and Even kth Roots | ay 


In the expression Wa,we call k the index and assume k = 2. 


AVOID DISTRACTIONS 


Dont allow yourself to be dis- 
Odd Roots tracted from your studies by 
The 5th root of a number a is the number c for which c° = a. There are also electronic “time robbers” such as 
7th roots, 9th roots, and so on. Whenever the number k in Wis an odd video games, the Internet, texting, 
number, we say that we are taking an odd root. and television. Be disciplined and 
Every number has just one real-number odd root. For example, We = 2, study first. Then reward yourself 
/—8 = —2, and W/0 = 0. If the number is positive, then the root is positive. If with a leisure activity if there is 
the number is negative, then the root is negative. If the number is 0, then the enough time in your day. 


root is 0. Absolute-value signs are not needed when we are finding odd roots. 


If k is an odd natural number, then for any real number a, 


Wak = a. 


Answer 
40. —3;0; W—5 ~ -1.710; V7 ~ 1.913 
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Find each of the following. 

Al. V/ 243 42. W/ —243 
43, W/x5 44, V/y? 
45. W/0 46. \/—32x5 


47. \/ (3x + 2)? 


Find each of the following. Assume 
that letters can represent any real 
number. 


48. W/81 49. —\/81 
50. W—81 51. W/0 


52. W16(x — 2)4 53. Wx 
54. W(x + 3)8 55. V(x + 3)! 
56. V/ 243x° 


Answers 


Al. 3 42. —3 43. x 44, y 45. 0 
46. —2x 47. 3x + 2 48. 3 49. —3 

50. Does not exist asarealnumber 51. 0 
52. 2|x—2| 53. |x| 54. |x + 3] 

55. x +3 56. 3x 


' EXAMPLES Find each of the following. 


30. V/32 = 2 31, 0-32 = -2 

32. —W/32 = —2 33. —V/—32 = —(-2) = 2 

34. Wx? = 35. W/128 = 2 

36. V/—128 = -2 37. V0 =0 

38. Wad =a 39, W(x —1)8=x-1 i 


Do Exercises 41-47. 


Even Roots 


When the indexkin WY is an even number, we say that we are taking an 
even root. When the index is 2, we do not write it. Every positive real number 
has two real-number kth roots when k is even. One of those roots is positive 
and one is negative. Negative real numbers do not have real-number kth roots 
when k is even. When we are finding even kth roots, absolute-value signs are 
sometimes necessary, as we have seen with square roots. For example, 


V64=8, W64=2, W64=-2, W64x% = W/(2x)® = |2x| = 2lx1. 


Note that in W/64x®, we need absolute-value signs because a variable is 
involved. 


EXAMPLES Find each of the following. Assume that variables can repre- 
sent any real number. 


40. W/16 = 2 

41. -W16 = -2 

42. WV =16 Does not exist as a real number. 

43, W/81x4 = VW (3x)4 = |3x| = 3|x| 

44, W/(y + 7/8 =ly+7| 

45. V8ly? = V(9y)? = |9y| = 9b b 


The following is a summary of how absolute value is used when we are 
taking even roots or odd roots. 


SIMPLIFYING 


For any real number a: 
Wak = : 

a) Vak = |a| when kis an even natural number. We use absolute value 
when k is even unless a is nonnegative. 


b) Wa* = awhen kis an odd natural number greater than 1. We do 
not use absolute value when k is odd. 


Do Exercises 48-56. 
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Exercise Set 


(a) Find the square roots. 


1. 16 2. 225 3. 144 
Simplify. 
11. V0.0036 12. V0.04 


Use a calculator to approximate to three decimal places. 


15. V347 16. —V 1839.2 
Identify the radicand. 
19. 9Vy2 + 16 20. —3V p? — 10 


For the given function, find the indicated function values. 


23. f(x) = V5x — 10; (6), f(2), f(1), and f(—1) 


25. g(x) = Vx? — 25; g(-6), g(3), g(6), and g(13) 


27. Find the domain of the function f in Exercise 23. 


29. Parking-Lot Arrival Spaces. The attendants at a park- 
ing lot park cars in temporary spaces before the cars are 
taken to long-term parking stalls. The number N of such 
spaces needed is approximated by the function 


Na) = 2.5Va, 
where a is the average number of arrivals in peak hours. 


What is the number of spaces needed when the average 
number of arrivals is 662 100? 


For Extra Help 


MyMathLab 


vor TE & 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


4.9 5. 400 6. 81 
9. V196 10. V441 
13. V—-225 14. V—-64 


17. 


21. 


24. 


26. 


28. 


30. 


285 [839.4 
4 si 19.7 
2 
4y5,|_* ap2 [4° — 
2 er 22. a2b eo 
t(x) = —V2x +1;  1(4), (0), (-1), and t(—3) 


F(x) = Vx2 +1; F(0), F(—1), and F(-10) 
Find the domain of the function tin Exercise 24. 


Body Surface Area. Body surface area B can be 
estimated using the Mosteller formula 


B= [h X ve 
3600 


where B is in square meters, h is height, in centimeters, 
and w is weight, in kilograms. Estimate the body surface 
area of awoman whose height is 165 cm and whose 
weight is 63 kg; of aman whose height is 183 cm and 
whose weight is 100 kg. Round to the nearest tenth. 
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Graph. 
31. f(x) = 2Vx 


34. f(x) =2+ Vx-1 


YA YA YA YA 

5 5 5 5 

4 4 4 4 

3 3 3 3 

2 2 2 2 

1 1 1 1 

> 

p42 esas es -5-4-3-2-1,| 1 2.3 4 5 -5-4-3-2-1,] 1 2.3 4 5 -5-4-3-2-1,| 1 2.3 4 5 

-2 -2 +2 -2 

+3 43 13 -3 

“4 -4 -4 -4 

+5 “5 45 5 
35. f(x) = Vx 36. g(x) = —Vx 37. f(x) = Vx - 2 38. g(x) = Vx +3 

YA YA y y 

5 5 15 5 

4 4 4 4 

3 3 3 3 

2 2 2 2 

1 1 1 1 
-5-4-3-2-1,| 1.2.3 4 5 -5-4-3-2-1,| 1.2.3 4 5 -5-4-3-2-1,| 12.3 4 5 -5-4-3-2-1,| 1.2.3 4 5 

+2 +2 2 +2 

+3 +3 -3 +3 

-4 “4 -4 -4 

+5 +5 5 5 
39. f(x) = V12 — 3x 40. g(x) = V8 — 4x 41. g(x) = V3x+ 9 42. f(x) = V3x - 6 

Jy y YH YA 

5 5 5 5 

4 4 4 4 

3 3 3 3 

2 2 2 2 

1 1 1 1 
-5-4-3-2-1,| 1 23.4 5 -5-4-3-2-1,| 1 2.3.4 5 -5-4-3-2-i,| 12.3 4 5 -5-4-3-2-1,| 1 2.3 4 5 

+2 2 +2 12 

3 3 +3 3 

-4 -4 -4 “4 

5 5 =) 5 


(b) Find each of the following. Assume that letters can represent any real number. 


44, \/25t2 


43. V16x2 


47. V(p + 3)2 
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48. V(2 — x)? 


45. V(—-12c)* 


49. Vx2 — 4x +4 


Radical Expressions, Equations, and Functions 


46. \/ (—9d)? 


50. V9t2 — 30¢ + 25 


Copyright © 2011 Pearson Education, Inc. 


©) 
51. 


Simplify. 
Wa7 52. —W/ 64 53. VW —64x3 54. W/—125y3 
55. V—216 56. — /—1000 57. W/0.343(x + 1)8 58. V/0.000008(y — 2)3 


For the given function, find the indicated function values. 


59. f(x) = Wx+ 1; f(7),f(26), f(—-9), and f(—65) 60. g(x) = —W2x -— 1; g(—62), g(0), g(—13), and g(63) 
61. f(x) = -W3x +1; f(0),f(-7), f(21), and f(333) 62. e(t) = Wt— 3; (30), g(—5), g(1), and g(67) 


(d) Find each of the following. Assume that letters can represent any real number. 


63. — W625 64. — W/ 256 65. W-1 
32 I 
WV 67. {-# fo 
66. 32 243 me 32 
69. \/x6 70. W/y8 71. W(5a)4 
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72. W(7b)4 73. 


10, (—6)!0 


75. “a + b)*4 76. XY (2a + b)1999 


78. W/(-6)3 


79. W/(x — 2)° 


Skill Maintenance 


Solve. [4.8a] 
81. x27 +x-2=0 82. x7 +x=0 
85. 3x2 + x = 10 86. 4x2 — 20x + 25 = 0 


Simplify. [R.7a, b] 


89. (a>b2c°)3 
Synthesis 
91. Find the domain of 
Vx+3 
aa ae 


93. Use only the graph of f(x) = Vx, shown below, to 
approximate V3, V5, and V10. Answers may vary. 


f@) = Ve 


=se2 1 123456789 : x 


83. 
87. 


90. 


92. 


94. 


74. N7V(-10)!? 


77. Wy? 


80. V/(2xy)9 


4x2 — 49 = 0 84. 2x2 — 26x + 72 =0 


4x3 — 20x? + 25x = 0 feos = 


(5a’b®)(2a%b) 


El Usea graphing calculator to check your answers 
to Exercises 35, 39, and 41. 


Use only the graph of f(x) = \/x, shown below, 


to approximate W/4, 6, and W/—5. Answers 
may vary. 


fx = Ve 


> 
1234567 8 i: x 


95. lmsa Use the TABLE, TRACE, and GRAPH features of a graphing calculator to find the domain and the range of each of the 


following functions. 
a) f(x) = Wx 


c) g(x) =2-Vx+3 
e) t(x) = Vx - 3 


510 CHAPTER 6 
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In this section, we give meaning to expressions such as a!/3,7-!/2, and 
(3x)984, which have rational numbers as exponents. We will see that using 
such notation can help simplify certain radical expressions. 


(a) Rational Exponents 


Expressions like a!/2, 5~1/4, and (2y)4/5 have not yet been defined. We will de- 
fine such expressions so that the general properties of exponents hold. 

Consider a!/2 - a1/2. If we want to multiply by adding exponents, it must 
follow that a!/2 . al/2 = q1/2+1/2 or a!. Thus we should define a!/2 to be a 
square root of a. Similarly, a1/3 - a¥/3 . a¥/3 = q@1/3+1/3+1/3, oy a}, so al/3 
should be defined to mean Wa. 


For any nonnegative real number a and any natural number index n 
(n # 1), 


1 


/n means Wa (the nonnegative nth root of a). 


a 


Whenever we use rational exponents, we assume that the bases are 
nonnegative. 


EXAMPLES Rewrite without rational exponents, and simplify, if possible. 
L277 =VaT=3 
2. (abc)!/5 = Wabe 


3. x2 = Vx An index of 2 is not written. ) 
| Do Exercises 1-5. 


EXAMPLES Rewrite with rational exponents. 


We need parentheses around 
4, V/7xy = (7xy)'/ the radicand here. 


3 3y\1/7 
5. 8W/xy = 8(xy)1/3 6. j= (2) ) 


| Do Exercises 6-9. 


How should we define a2/? If the general properties of exponents are 
to hold, we have a2/3 = (a1/3)2, or (a2), or (Wa)?, or V a2. We define this 
accordingly. 


For any natural numbers m and n (n # 1) and any nonnegative real 


number a, 


a™/" means Wa", or (Wa)™. 


Rewrite without rational exponents, 


and simplify, if possible. 
le 2 (Gaye 
3. 16!/4 4, (125)1/8 


5. (a3b2c)1/5 


Rewrite with rational exponents. 


6. W/19ab 7.19 ab 
ay 4 
Gh 9. 7V 2ab 
16 
Answers 


lL Wy 2V3a 3.2 45 
5. Wasb2c 6. (19ab)/3_—-7. 19(ab)}/3 


2 1/5 
8. (2) 9. 7(2ab)'/4 
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' EXAMPLES Rewrite without rational exponents, and simplify, if possible. 


7. 2778 = 27 8. 43/2 = W483 
ee Sy 27) = (v/4)3 
Rewrite without rational exponents, : 
and simplify, if possible. 2 =2 
10. x3/5 Meg =4 = 8 ) 
12, 45/2 Do Exercises 10-12. 
! EXAMPLES Rewrite with rational exponents. 
The index becomes the denominator of the rational exponent. 
| 
9. V/94 = 94/3 10. (W7xy)> = (7xy)5/4 b 


Rewrite with rational exponents. 


13. (W7abc)* 14. V6" Do Exercises 13 and 14. J 
(b) Negative Rational Exponents 


Negative rational exponents have a meaning similar to that of negative inte- 
ger exponents. 


For any rational number m/n and any positive real number a, 
—m/n 1 
a means ——; 


qm/n 


that is, a””/" and a~”/” are reciprocals. 


' EXAMPLES Rewrite with positive exponents, and simplify, if possible. 


1 1 1 
11. 9-1/2 = = = 
gl/2 V9 383 
1 
12. (5xy)~4/5 = ——— 
(Sxy) (sxyy8 
13, 64-2/3 = —_ = = _ : 
Rewrite with positive exponents, and 642/ ( 64)? 4° 16 
simplify, if possible. l Ay 1/5 
-2/3,,1/5 1/5 
15. 16-1/4 16. (3xy)-7/8 TO Ng ap 
-3/4 3/4-6/5 —5/2 7s\5/2 —n n 
17. 81-9/ 18. 7p3/4q-6/ im (=) = (=) sie (2) _ (2) 
7s 3r b a 


is Con 
"\\ Ge Do Exercises 15-19. 


Answers 
10. Wx3 11.4 = «12. 32-13. (7abc)4/3 
1 1 1 
14.675 15. 16. 17. 
2 (3xy)7/8 27 
7Tpsl4 an \2/3 
8. . (—— 
6/5 (=) 
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X 


Rational Exponents We can use a graphing calculator to approximate rational roots of real 
numbers. To approximate 74/3, we press @) yy QZ IS QP SB. Note that the parentheses 


around the exponent are necessary. If they are not used, the calculator will read the expression as 7@ + 3. To 


approximate 14~", we press DIC) O | Epp Parentheses are not required when a rational 
exponent is expressed in a single decimal number. The display indicates that 72/3 ~ 3.659 and 14-9 = 0.007. 


Exercises: 
1. 59/4 
4,738 


Approximate each of the following. 


2. 84/7 3. 2973/8 
5. 3472.78 6. 329-2 


: s Calculator Corner 


72/3) 


3.65930571 


ANS 9 


.006642885 


(c) Laws of Exponents 


The same laws hold for rational-number exponents as for integer exponents. 
We list them for review. 


For any real number a and any rational exponents m and n: 


1, g@@sg? agen In multiplying, we can add exponents if the 


m 


bases are the same. 


a eT : 
erie In dividing, we can subtract exponents if the 
. bases are the same. 
3. (a= a" To raise a power to a power!, we can multiply 
the exponents. 
4. (ab)™ = a™b™ To raise a product to a power, we can raise 
each factor to the power. 
a n q” 
5. (¢) = ba To raise a quotient to a power, we can raise 


both the numerator and the denominator to 
the power. 


EXAMPLES Use the laws of exponents to simplify. 


16. 31/5 . 33/5 = 31/5+3/5 — 34/5 Adding exponents 
1/4 
17. 7 = 71/4-1/2 — 71/4-2/4 — 7-1/4 = 1 Subtracting exponents Use the laws of exponents to 
72 7A simplify. 
18. (7.22/3)3/4 = 7,22/3°3/4 = 7.26/12 = 7.2/2 Multiplying exponents 205 0273 
19. (a~'/3p2/5)1/2 = q-V3-1/2 . p2/51/2 Raising a product to a power 57/6 
and multiplying exponents 21. =5/6 
3D) 
1/5 
— g-Wepis — / 
qué ) 22, (93/5)2/3 


| Do Exercises 20-23. 23a ge 


Answers 


20. 714/15 


21. 51/3 


qs 


2/5 
22,..92/° 23. pis 
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(d) Simplifying Radical Expressions 


Rational exponents can be used to simplify some radical expressions. The 
procedure is as follows. 


SIMPLIFYING RADICAL EXPRESSIONS 
1. Convert radical expressions to exponential expressions. 
2. Use arithmetic and the laws of exponents to simplify. 


3. Convert back to radical notation when appropriate. 


Important: This procedure works only when we assume that a negative 
number has not been raised to an even power in the radicand. With this 
assumption, no absolute-value signs will be needed. 


' EXAMPLES Use rational exponents to simplify. 


20. W/x3 = x3/6 Converting to an exponential expression 
= xl/2 Simplifying the exponent 
= Vx Converting back to radical notation 
21. W4 = 41/6 Converting to exponential notation 
= (22)/6 — Renaming 4 as 22 
= 22/6 Using (a™)” = a’™"; multiplying exponents 
= 21/3 Simplifying the exponent 
= V2 Converting back to radical notation 


22. Wa2b* = (a7b*)1/8 Converting to exponential notation 
= 7/8. 64/8 — Using (ab)" = a”b” 
= ql/4. pl/2 Simplifying the exponents 


Use eee exponents to vat =a'/4.b2/4 Rewriting} with a denominator of 4 

aged go ee = (apy Using a"b” = (ab)” 

26. W/8 27. V yo = Wab? Converting back to radical notation ) 
28. Vialeh? 29. Va>p!0 Do Exercises 24-29. J 


We can use properties of rational exponents to write a single radical ex- 
pression for a product or a quotient. 


| EXAMPLE 23 Use rational exponents to write a single radical expression 


for V5 + V2. 
W5 V2 = 51/3. 21/2 Converting to exponential notation 
= 52/6 . 23/6 Rewriting so that exponents have a 
common denominator 
= (52-23)1/6 Using a"b” = (ab)" 
30. Use rational exponents to write a = A 5° <2 Converting back to radical notation 
slopleradicalere ecioniot = W200 Multiplying under the radical ) 


W7 -/3. 
Do Exercise 30. 


Answers 


24. Va 25. x 26. V2_——27. Wxy? 
28. a2Vb 29. ab? 330. W/63 


514 CHAPTER 6 __ Radical Expressions, Equations, and Functions 


' EXAMPLE 24 Write a single radical expression for a!/2b7!/2c9/®, 


al/2p-/2¢5/6 = q3/6p-3/6¢5/6 ~~ Rewriting so that exponents have a 


common denominator 
Using a"b” = (ab)” 


(a3p~3c5) 1/6 


= Watb3° Converting to radical notation ) 
x5/6.. 3/8 
) EXAMPLE 25 Write a single radical expression for ————. 
x49. yl/4 
5/6 . 3/8 
7a = 2/04/92 9/81 /4 Subtracting exponents 


= x15/18—8/18 . 3/8-2/8 Finding common denominators so that 


exponents can be subtracted 


=a 78. yl 6 Carrying out the subtraction of 
exponents 


a y9/ ie Rewriting so that all exponents 
have a common denominator 
= (x28 y9)1/72 Using a"b” = (ab)" 


= V/x28y9 


Converting to radical notation ) 


[ Do Exercises 31 and 32. 


EXAMPLES Use rational exponents to simplify. 
26. ¥/(5x)3 = (5x)3/6 


Converting to exponential notation 


= (5x)1/2 Simplifying the exponent 
= V5x Converting back to radical notation 
27, W/120 = 120/5 Converting to exponential notation 
=i Simplifying the exponent 
28. (Wpq?c) ee | pq?c)!2/ ° Converting to exponential notation 
= (pqrc)* Simplifying the exponent 
= pigrct Using (ab)” = a"b” 
29. Vx = Vxi8 Converting the radicand to exponential notation 
= (x/3)1/2 Try to go directly to this step. 
=e Multiplying exponents 
= Wx Converting back to radical notation ) 


Do Exercises 33-36. 


6.2 


STUDY TIPS 


LEARN FROM YOUR 
MISTAKES 


Think of a mistake as an opportu- 
nity to learn. When your instruc- 
tor returns a graded homework 
assignment, quiz, or test, take 
time to review it and understand 
the mistakes you made. Be sure to 
ask your instructor for help if you 
can’t see what your mistakes are. 
We often learn much more from 
our mistakes than from the things 
we do correctly. 


Write a single radical expression. 
BL. x2/3y1/2z5/6 


qi/2p3/8 
* Gg/4pi/8 


Use rational exponents to simplify. 


33. WY(5m)2 34. Vm 
35. (Wa>b3c)4 = 336. WVx 


Answers 

31. Wxty3z5 32. Wab 33. W5m 

34. Wm 35. a2%pl2c4 36. NY x 
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6.2 | Exercise Set 


(a) Rewrite without rational exponents, and simplify, if possible. 


For Extra Help (= = 
MyMathtab\y “er so 


PRACTICE WATCH DOWNLOAD READ REVIEW 


1. yl/? 2,48 3. 8l/3 4. 161/2 5. (a3b3)1/5 


6. (x2y2)1/3 7. 163/4 8. 47/2 9. 493/2 10. 274/3 


Rewrite with rational exponents. 


11. V17 12, Vx3 13. V/18 14. W/23 15. W/xy2z 
16. V/x3y2z2 17. ( 3mn)? 18. (Vv 7xy)4 19. (Vv 8xy)> 20. (v 2a°b)? 


(b) Rewrite with positive exponents, and simplify, if possible. 


21. 2771/3 22. 100~1/2 23. 100-3/2 24. 16 3/4 25. 3x 1/4 
26. 8y7!/7 27, (2rs) 3/4 28. (Sxy)~>/6 29. 2a3/4p-1/2¢2/3 30. 5x~2/3y4/5z 

y 

-3/5 —5/6 1 

31. (=) 32. (=) 33. cy ee 35, 2-V3x4y-2/7 

8yz 3c x 2/3 q_7/8 

7X 6a 5a 2Z 
36. 3-9/2q3p-7/3 37. — 38. —— 39. 40. 
“ Wa Wo 30-12 5x18 


75/8 35/8 4.9-1/6 
41, 59/4. 51/8 42, 112/3 - 11/2 43. — AA, 45. 
73/8 3-1/8 4.9-2/3 


2.373/10 
* 2.3-1/5 


47. (63/8)2/7 48. (32/9)3/5 49. a2/3 . a5/4 50. x3/4 . 2/3 
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51. (a2/3 . 5/8)4 52. (x 1/3 . y-2/5)-15 53. (x2/3)-3/7 54, (a~3/2)2/9 


- -3/2\ 1/3 
55. (=) i 56. (2 i ) : 57. (m-1/4 « n-8/6)-12/5 58. (x3/8 . y5/2)4/3 


yl/2 p-5/3 


(d) Use rational exponents to simplify. Write the answer in radical notation if appropriate. 


63. 


68. 


73 


78 


59. Wa? 60. ¥/r4 61. Wx15 62. Wal? 
64, Va 10 65. (ab)! 66. (V/cd)4 67. \/128 
69. V/4x2 70. V/8y® 71. Vx4ty® 72. W16x4y2 
Use rational exponents to write a single radical expression. 
74, W/3V3 75. W7-W5 76. W11- W/13 77. W/5-W7 
79. Vx W/2x M(x) 81. | \Vatbt)© 82. WVx 
8/15 . 7/5 —4/5,45/9\3 

84. 2/3 . 53/4 85. x1/3. yl/4. 21/6 86. eye () 

x1/3. y-V/5 c3/10q1/6 
Skill Maintenance 
Solve. |5.7a| 
89 Ra 2 thie 90 g=—* tors 91. Q = ——, fort 92 

: a+b’ : s-t’ : 
Synthesis 
Au Peer 
93. f@SA Use the SIMULTANEOUS mode to graph 94. Simplify: 
y= x V2, yo = 3x2/5, ¥3 = 4/7, ya = 13/4, ( 10/5 15)>( 5/ X10, ee. 


Then, looking only at coordinates, match each graph with 
its equation. 


. W32c10q15 


LV yay 
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(a) Multiplying and Simplifying 
Radical Expressions 


Note that V4V/25 = 2-5 = 10. Also V4 - 25 = V/100 = 10. Likewise, 
W27W/8 =3-2=6 and W27-8= W216 =6. 


These examples suggest the following. 


THE PRODUCT RULE FOR RADICALS 


For any nonnegative real numbers a and b and any index k, 


The index must 
+ y i} be the same 


Wa-Wb= WVa-b, or al/k- pk = (ab)!/k, throughout. 
(To multiply, multiply the radicands.) 


{ EXAMPLES Multiply. 
1. V3-V5 = V3-5 = VI5 
2. V5aV2b = V5a- 2b = V10ab 
3. W4W/5 = W4-5 = W20 


ee I | jee 
Multiply. a Caution! 
1. V19 V7 2. V3p V7q 3 Val? a 2 ay A common error is to omit 
“V5Vx V5 x V5x the index in the answer. ) 


ny ie Al 5 5 4 2 —— i i. 
3. 1/403 W7 A. P? ‘E Do Exercises 1-4. 


Keep in mind that the product rule can be used only when the indexes 
are the same. When indexes differ, we can use rational exponents as we did in 
Examples 23 and 24 of Section 6.2. 


! EXAMPLE 5 Multiply: V5x - V3y. 
V5x > W3y = (5x)1/2(3y) 1/4 Converting to exponential notation 


= (5x)2/4(3y) 1/4 Rewriting so that exponents have 
a common denominator 


= [(5x)2(3y)]}/4 Using ab” = (ab)" 
= [(25x2)(3y)]}/4 Squaring 5x 
= W (25x2)(3y) Converting back to radical notation 


Multiply. ree =V 75x2y Multiplying under the radical 
5. V5 W2 6. Wa W2y ) 
Do Exercises 5 and 6. J 
Answers 


1. VI33. 2. V2Ipq 3. W2821 
Ans = 5. 7500 6. \/16x3y4 
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We can reverse the product rule to simplify a product. We simplify the 
root of a product by taking the root of each factor separately. 


FACTORING RADICAL EXPRESSIONS 


For any nonnegative real numbers a and b and any index k, TEST TAKING 
Wab = Wa- Wb, or (ab)V/k = qi/k. pV/k, If you have time at the end of a 


test, be sure to check your work. 
Make sure that you have answered 
all the questions. If there are 
answers you are unsure of, rework 
those problems. You might be able 


(Take the kth root of each factor separately.) 


Compare the following: 


V50 = V10-5 = V10 V5; to use estimating to determine 
_ i = whether your answer is reason- 
Ne Men SVEN NE Ne, able. And remember to check the 
In the second case, the radicand is written with the perfect-square factor 25. answers to any applied problem in 
If you do not recognize perfect-square factors, try factoring the radicand into the original problem. 


its prime factors. For example, 
V50 = V2-5-5 = 5V2. 


‘ 


Perfect square (a pair of the same numbers) 


Square-root radical expressions in which the radicand has no perfect-square 
factors, such as 5 V2, are considered to be in simplest form. A procedure for 
simplifying kth roots follows. 


SIMPLIFYING kth ROOTS 
To simplify a radical expression by factoring: 


1. Look for the largest factors of the radicand that are perfect kth 
powers (where k is the index). 
2. Then take the kth root of the resulting factors. 


3. A radical expression, with index k, is simplified when its radicand 
has no factors that are perfect kth powers. 


' EXAMPLES Simplify by factoring. 
6. V50 = V25-2 = V25-V2= V5-5-V2=5V2 


This factor is a perfect square. 


7. W32= W8-4= W8-W4=W2-2-2-W2-2=2W4 


This factor is a perfect cube (third power). 


8. W48 = W/16-3 = W16- W3 = W2-2-2-2-W3 = 2W3 


Simplify by factoring. 
This factor is a perfect fourth power. | Yo VQ 8. V/80 


Do Exercises 7 and 8. Answers 


74V2 8. 210 
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Frequently, expressions under 
radicals do not contain negative 
numbers raised to even powers. 
In such cases, absolute-value 
notation is not necessary. For 
this reason, we will no longer 
use absolute-value notation. 


Simplify by factoring. Assume that 
no radicands were formed by raising 
negative numbers to even powers. 


9. 300 10. V36y2 
i VAD 12. V 12ab3c? 
13. V/16 14. W/81x4y8 
Answers 


9.10V3 10. 6y 11. 2aV3b 
12. 2beV3ab 13. 2\/2— 14, 3xy2W/3xy2 


| EXAMPLES Simplify by factoring. Assume that no radicands were formed 


by raising negative numbers to even powers. 


9. V5x* = V5 Factoring the radicand 
= V5: va Factoring into two radicals 
= V5-x Taking the square root of x? 


Absolute-value notation is not 
needed because we assume 
that x is not negative. 


10. V18x2y = V9-2-x2. y Factoring the radicand and looking 


for perfect-square factors 
= V9-x2-2- y 
= V9-Vx?- V2. Vy Factoring into several radicals 
= 3xV2y Taking square roots 


11. V/216x5y 3 = V36-6-x4-x- yr-y Factoring the radicand and 
looking for perfect-square factors 


= V36-x4-y?-6-x-y 
= V36 Vx4 ie V6xy Factoring into several radicals 
= 6x*yV6xy Taking square roots 


Let’s look at this example another way. We do a complete factoriza- 
tion and look for pairs of factors. Each pair of factors makes a square: 


V216x5y3 = V2-2-2-3-3-3-x-x-x-xX-x-y-y-y — Eachpairof 


factors makes 
a perfect 
square. 


=H=2-3-°xX-xX-y-V2-°3-x-y 
= 6x2yVb6xy. 
12, W/16a7b!! = W8-2-a5-a-b9- b2 Factoring the radicand. 
The index is 3, so we look 
for the largest powers that 


are multiples of 3 because 
these are perfect cubes. 


= W8-Wa®- Wb? - W2ab? Factoring into radicals 
= 2a*b3W/ 2ab? Taking cube roots 


Let’s look at this example another way. We do a complete factoriza- 
tion and look for triples of factors. Each triple of factors makes a cube: 


W16a7b! 
=W2-2-2-2-a-a-a-a-a-a:a-:b-b-b-b-b-b-b-b-b-b-b 


Each triple of factors makes a cube. 


=2-qa-a-b-b-b- W2:-a-b-b 
= 2a*b3W 2ab?. b 


Do Exercises 9-14. 
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Sometimes after we have multiplied, we can simplify by factoring. 


' EXAMPLES Multiply and simplify. Assume that no radicands were formed 
by raising negative numbers to even powers. 
13. V20V8 = V20-8 = V4-5-4-2=4V10 
14, 3V/25- 2/5 = 3-2. W25-W5=6- W25-5 
=6-W5-5-5 


=6-5=30 


15. W/18y3 W/4x2 = W18y3 - 4x2 
=W2-3-3-yry y+ 2:2:x-x 


Multiplying radicands 


=2:-y: \/3-3-x-x 
= 2yW9x? ) 


Do Exercises 15-18. 


(b) Dividing and Simplifying 
Radical Expressions 


43/ 
Note that a and that ~ Poe 2 This example suggests the following. 
We 2 Ve 2 


THE QUOTIENT RULE FOR RADICALS 


For any nonnegative number a, any positive number b, and any index k, 
Wa ia ai (2) ie 
ws =f, OF pik \b) 


(To divide, divide the radicands. After doing this, you can sometimes 
simplify by taking roots.) 


EXAMPLES Divide and simplify. Assume that no radicands were formed 
by raising negative numbers to even powers. 


V 80 80 < 
V5 5 V16 = 4 | We divide the radicands. 
5 VW 32 Zz 
17, 2 5 4% — sig = sWa-2 = 58 V2 = 5-2/2 = 102 
v2 V2 
Vi2xy 1Vi2xy 1 [72 1 1 
18. a Dos a7 —V36xy = ~V36Vxy 
2V2 2 V2 2 2 2 2 
il 
= 6Vxy = 3Vxy ) 
| Do Exercises 19-22. 


Multiply and simplify. Assume that 
no radicands were formed by raising 
negative numbers to even powers. 


15. V3 V6 

16. V18y V14y 
17. W/3x2y W/36x 
18. V7a V21b 


Divide and simplify. Assume that no 
radicands were formed by raising 
negative numbers to even powers. 


6 V75 a 14V 128xy 
* V3 ~ 9x72 
V50a3 4/250 
215 22: 
V2a ID 
Answers 


15. 3V2 16. GyV7_—17. 3xW/4y 
18. 7V3ab 19.5 20. 56Vxy 21. 5a 
20 


22. — 
7 
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Simplify by taking the roots of the 
numerator and the denominator. 
Assume that no radicands were 
formed by raising negative numbers 
to even powers. 


26. Divide and simplify: 
AY, a ye 


3} xy 


Answers 
5 a 3x WV 2x2 7 
- 2 6 
23, 6 24. 10 5 xy 


We can reverse the quotient rule to simplify a quotient. We simplify the 
root of a quotient by taking the roots of the numerator and of the denomina- 
tor separately. 


kth ROOTS OF QUOTIENTS 


For any nonnegative number a, any positive number b, and any 
index k, 


ifa_ Va a\=  @ilk 
Z — Wh or = pk’ 

(Take the kth roots of the numerator and of the denominator 

separately.) 


b 


EXAMPLES Simplify by taking the roots of the numerator and the denom- 
inator. Assume that no radicands were formed by raising negative numbers 
to even powers. 


27 WV eS 


We take the cube root of the numerator | 


19. 125 125 35 and of the denominator. 
25 V25 Le We take the square root of the numerator 
y? - Vy? 7 y and of the denominator. 
5 js Vi6x? V16x2-x V16x2- Vx 4xVx 
yy Vy4 Vy4 Vy i 


343x3 -W343x3 0 WW343x3 ss W3.433 7x j 


We are assuming here that no variable represents 0 or a negative number. 
Thus we need not be concerned about zero denominators. 


e {ze VWa7y> Wa7y3-y2  Wa7y3- Wy? ayWy2 


Do Exercises 23-25. 


When indexes differ, we can use rational exponents. 


43/ a2b4 


EXAMPLE 23  Divid d simplify: ————. 
| ivide and simplify Wah 


Var! _ (a4) 
Vab (ab) / 
@2/3p4/3 

= qiapi2 Using the product and power rules 


= q2/3-1/2p4/3-1/2 Subtracting exponents 
= q4/6-3/6p8/6-3/6 


Converting to exponential notation 


Finding common denominators so 
exponents can be subtracted 


= q\/6p5/6 
= (ab)1/6 Using a”b” = (ab)" 
= Wab° Converting back to radical notation ) 


Do Exercise 26. 
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For Extra Help 


eel Exercise Set Myvetua ye BS SF 


(a) Simplify by factoring. Assume that no radicands were formed by raising negative numbers to even powers. 


1. V24 2. V20 3. V90 4. V18 

5. W/250 6. ¥/108 7. V180x4 8. V175y6 
9. W/54x8 10. W/40y3 11. W808 12. W/108x5 
13. W/80 14. W/32 15. V/32a2b 16. V’75p3q! 
17. W/243x8y10 18. W/162c4d6 19. W/96x7y!5 20. W/p'4q9r23 


Multiply and simplify. Assume that no radicands were formed by raising negative numbers to even powers. 


21. V10 V5 22. V6 V3 23. V15 V6 24. V2 32 
25. W2W4 26. \/9 W/3 27. V45 V60 28. 24 V75 
29. V3x3 V6x> 30. V5a? V 15a 31. V5b3 V'10c4 32. V2x3y V12xy 
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33. W5a2 W/2a 34. W/7x W/3x2 35. W/y4 W/16y> 36. W/s2r4 Ws4t8 


37. 16 W/64 38. V/64 V/16 39. V'12a3b V'8a4b? 40. V’30x3y4 V/18x2y5 
41. V2W5 42. V6 W/5 43. 73 V2 44, W/5 W/2 

45. Va Wa3 46. Wx? W/x5 47. W/b? V/b3 48. Was Va? 

49. Vxy3 Wx2y 50. Vyoz Wyz4 51. V2a3b W8ab2 52. W9ab3 V’3a4b 


(b) Divide and simplify. Assume that all expressions under radicals represent positive numbers. 


V90 98 V35q 30x 
53, ——— ee anal 1s eal 56. 
V5 V2 V7q V10x 
57, 54 sae 59, ¥ 20" i eo, ¥ 5240" 
" Wo " W5 "  V8x  VIBa 
7 \/96a*b2 - V/189x5y" 63, Y 128 ga, V18ab 
" W12a2b "WV 7x2y? " 2v2 " 2v3 
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Simplify. 


Pate 
*V 36 


,[125 
Te oe hee 
27 

25y3 

81. ,/— 
x4 


66. 


\/ 2ab2 


,| 343 
78. VI 1000 


36a° 


82. 56 


~9/ 64q11p28 


67 Va 
‘Va 
4f 1.24)3 
x 
rs er y 
Way 
75, [18 
“\ 49 
49 
F954 
y 
81yd 
83, 3 
64 


6.3 


Sls 


athe 
72. 5 

ab” 
76. [1m 
“Vv 81 


{121 
80. ./—>- 
x2 


Simplifying Radical Expressions 


525 


Skill Maintenance 


Solve. 


97. Boating. A paddleboat moves ata rate of 14 km/h 
in still water. If the river’s current moves at a rate of 
7 km/h, how long will it take the boat to travel 56 km 
downstream? 56 km upstream? [1.3b] 


Solve. [5.5a] 
86. 12x 3x2 384 
x-4 x+4 y2-1]6 
101. : 18 2x 6 
x*- 3x %x-3 


Synthesis 


103. Pendulums. The period of a pendulum is the time it 
takes to complete one cycle, swinging to and fro. For a 
pendulum that is L centimeters long, the period Tis 
given by the function 


L 
T(L) = 20,/—— 
(L) = 2m) 350° 


where T is in seconds. Find, to the nearest hundredth 
of a second, the period of a pendulum of length 
(a) 65 cm; (b) 98 cm; (c) 120 cm. Use a calculator’s 


@ key if possible. 
Simplify. 
J x3 — ys 


104. 


Ve-y 


4 81x* 88. .4 256 
Bee a6 V g1x8 


Pr ;[32x8 es Feo 
° yi0 ° 243q20 


98. Triangle Dimensions. The base ofa triangle is 2 in. 
longer than the height. The area is 12 in. Find the 
height and the base. [4.8b] 


V44x2y9z V/ 22926 


105. 


(V11xy8z?)? 


106. fawA Use a graphing calculator to check your answers to Exercises 7, 12, 30, and 56. 


526 CHAPTER 6 __ Radical Expressions, Equations, and Functions 


Copyright © 2011 Pearson Education, Inc. 


(a) Addition and Subtraction 


Any two real numbers can be added. For example, the sum of 7 and V3 can 
be expressed as 7 + V3. We cannot simplify this sum. However, when we 
have like radicals (radicals having the same index and radicand), we can use 
the distributive laws to simplify by collecting like radical terms. For example, 


7V3 + V3 =7V3 41+ V3 = (7 + 1)V3 = BV3. 


! EXAMPLES Addor subtract. Simplify by collecting like radical terms, if 


possible. 
1. 6V7 + 4V7 = (6+4)V7 _—_ Usinga distributive law (factoring out v7) 
= 10V7 
2. BW/2 — 7xW/2 + 5W2 = (8 — 7x + 5)W2 Factoring out W/2 
= (13 — 7x) W2 
“. 4 


These parentheses 
are necessary! 


3. 6W/4x + 4W/ 4x — W4x = (6 + 4)W 4x — W4x 


= 10V/4x — 


W/Ax 


Note that these expressions have the same radicand, but they 


are not like radicals because they do not have the same index. 


[Do Margin Exercises 1 and 2. 


Sometimes we need to simplify radicals by factoring in order to obtain 


terms with like radicals. 


! EXAMPLES Add orsubtract. Simplify by collecting like radical terms, if possible. 


4. 3V8 — 5V2 = 3V4-2 - 5V2 
= 3V4-V2-5V2 
= 3-2V2-5V2 
= 6V2 - 5V2 
= (6-5) v2 
a2 

5. 5V2 —- 4V3 


Factoring 8 
Factoring V4 - 2 into two radicals 
Taking the square root of 4 


Collecting like radical terms 


No simplification possible 


6. 5W/16y! + 7W2y = 5W8y3- 2y + 7W/2y 


= 5VW/8y3- W2y + 7W2y 


Factoring the first 
radical 


=5-+2y- W2yt TW 2y Taking the cube root 
of 8y? 

= 10yW2y + 7W2y 

= (10y+7)W2y — Collecting like radical terms 


) 
[ Do Exercises 3-5. 


6.4 Addition, Subtraction, and More Multiplication 


SKILL TO REVIEW 
Objective R.6a: Simplify an 
expression by collecting 
like terms. 

Collect like terms. 
1. 2x + 5x 
2yt+3-4y+1 


Add or subtract. Simplify by collect- 
ing like radical terms, if possible. 


1.5V2 + 8V2 
2.7W5x + 3W5x — V7 


Add or subtract. Simplify by 
collecting like radical terms, if 
possible. 


3. 7V45 — 2V5 
4. 3V/y5 + AW/y?2 + Way 


5. V25x — 25 — V9x — 9 


Answers 

Skill to Review: 

17x 2. —-3y+4 

Margin Exercises: 

1.13V2 2.10W5x- V7 3. 19V5 

4. (By + 4)Wy2 + 2y2 5, 2Vx—1 
527 


Multiply. Assume that no radicands 
were formed by raising negative 
numbers to even powers. 


6. V2(5V3 + 3V7) 
ih CARED = <7) 


Multiply. Assume that no radicands 
were formed by raising negative 
numbers to even powers. 


8. (V3 — 5V2)(2V3 + V2) 


9. (Va + 2V3)(3Vb — 4v3) 


( ) 
TOatl V2 V5) ae) 
( (Vv 


11. (Vp — Vq)(Vp + Vq) 


Multiply. 

12. (2V5 — y)? 13. (3V6 + 2) 
Answers 

6.5V64+3V1i4 7. a3 — W/2a? 

8. —4 -9V6 


9. 3Vab — 4V3a + 6V3b — 24 10;. —3 
ll. p-—q_ = 12. 20 -4yV5 + y? 
13. 58 + 12V6 


(b) More Multiplication 


To multiply expressions in which some factors contain more than one term, 
we use the procedures for multiplying polynomials. 


) EXAMPLES Multiply. 
7. V3(x — V5) = V3-x- V3- V5 


Using a distributive law 


= xV3 -— VI5 Multiplying radicals 
8. Wy(Wy? + W2) = Wy: Wy2+ Wy-W2 = Usinga distributive law 
ay y+ W/ 2y Multiplying radicals 
=ytwv 2y Simplifying Wy 
Do Exercises 6 and 7. 


| EXAMPLE 9 Multiply: (4V3 + V2)(V3 - 5v2). 


[3 | F O I 8 
(4V3 + V2)(V3 - 5V2) = 4(-V3)* — 20V3- V2 + V2- v3 - 5(v2)? 
| ———— = 4-3- 20V6 + V6- 5-2 
= 12 - 20V6 + V6 - 10 
=2-19V6 


Collecting like terms ) 


' EXAMPLE 10 Multiply: (va + V3)(Vb + V3). Assume that all expres- 
sions under radicals represent nonnegative numbers. 
(Va + V3)(VB + V3) = Vavb + Vav3 + V3Vb + V3V3 
= Vab + V3a+ V3b +3 J 


) EXAMPLE 11 Multiply: (V5 + V7)(V5 — v7). 
(V5 + V7)\(V5 - V7) = (V5)? - (v7)? 


This is now a difference 
of two squares: 
(A — B)(A + B) = A? — B?. 


=5-7=-2 ) 


| EXAMPLE 12 Multiply: (Va + Vb)(Va— Vb). Assume that no radi- 
cands were formed by raising negative numbers to even powers. 


Vv. Vee EE cies | 
( — i ) ( ‘i ( ) No radicals 
= pied 


Expressions of the form Va + Vband Va — Vb are called conjugates. 
Their product is always an expression that has no radicals. 


Do Exercises 8-11. 


) EXAMPLE 13° Multiply: (V3 + x)’. 
(v3 + x? = (v3)? + 24/3 +x" Squaring a binomial 
= 3+ 2xV3 + x? ) 


Do Exercises 12 and 13. | 
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6.4 | MSGS eae  mymatnialy e FSS 2 


Add or subtract. Then simplify by collecting like radical terms, if possible. Assume that no radicands were formed by 
raising negative numbers to even powers. 


1. 7V5 + 4V5 2. 2V3 + 9V3 3. 6W/7 — 5V/7 

4. 13\/3 — 8/3 5. Wy + 9Wy 6. 6W/t — 3Wt 

7. 5V6 — 9V6 — 4V6 8. 3V10 — 8V10 + 7V10 9. 4V/3 — V5 + 234 V5 
10. 5V7 — 8W11 + V7 +9W11 11. 8V27 — 3V3 12. 9/50 — 4V2 

13. 8V/45 + 7/20 14, 9V12 + 1627 15. 18/72 + 2V/98 

16. 12/45 — 880 17. 3V/16 + W/54 18. \/27 — 5W/8 

19. 2V/128 — V18 + 4V32 20. 5V50 — 2V18 + 9V32 21. V5a + 2V/45a3 

22, 4\V/3x3 — 12x 23. W/24x — W/3x4 24, W/54x — W/2x4 

25. 7V/27x3 + V3x 26. 2V/45x3 — Vax 27. V4 + VI8 28. V/s — W/24 
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29 


. 50/32 — W108 + 20/256 30. 3\/8x — 4V/27x + 2W/64x 31. W6x4 + W/48x — W6x 


32. W80x5 — W405x9 + W5x 33. Vda —-4+ Va-1 34. Voy + 27 + Vy +3 
35. Vx3 — x2 + V9x— 9 36. V4x — 44+ Vx3 — x2 


(b ) Multiply. Assume that no radicands were formed by raising negative numbers to even powers. 


37. V5(4 — 2V5) 38. V6(2 + V6) 39. V3(V2 — v7) 

40. V2(V5 — v2) 41. V3(-4V3 + 6) 42, V2(-5V2 — 7) 

43, V3(2V5 — 3V4) 44, V2(3V10 — 2v2) 45, V/2(W4 — 2/32) 
46. V/3(V/9 — 4V/21) 47. 3W/y(2Vy? — 4Vy) 48. 2V/y>(5Wy + 4Vy?) 
49. \/a(/2a? + W/16a?) 50. V/x(W/3x2 — W81x?) 

Bl. (V3 — V2)(v3 + v2) 52. (V5 + V6)(V5 — V6) 
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53. (V8 + 2V5)(V8 — 2V5) 54. (VI8 + 3V7)(VI8 — 3V7) 


86. (7 + V5)(7 — V5) 86. (4 - V3)(4 + V3) 
57. (2 — v3)(2 + V3) 58. (11 — V2)(11 + V2) 

59. (VB + V3)(VB - V5) 60. (V6 - v7)(vé + v7) 

61. (3 + 2V7)(3 — 2v7) 62. (6 - 3V2)(6 + 3v2) 

63. (Va + Vb)(Va - Vb) 64. (VE - Vy)(-VE + Vy) 

65. (3 — V5)(2 + V5) 66. (2 + V6)(4— V6) 

67. (V3 + 1)(2v3 + 1) 68. (4V3 + 5)(V3 - 2) 

69. (2V7 - 4V2)(3V7 + 6v2) 70. (4V5 + 3V3)(3V5 — 4V3) 
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71. (Va + V2)(Va + V3) 72, (2.= 7a) Va) 


73. (2W3 + W2)(W3 - 2/2) 74. (3W7 + W6)(2W7 — 3V6) 
75. (2 + V3)? 76. (V5 + 1)? 
77. (W/9 — W3)(W8 + V/27) 78. (V/8x — V5y)? 


Skill Maintenance 


Multiply or divide and simplify. [5.1d, e] 


x3 4+ 4x x2 + 8x +15 a*-4 a-2 
79. : 80. = 
x?-16 x*+x- 20 a a+4 
34 a ee 3-27 y*-6y+9 
‘i: a 8 a 4a+A4 82. y CY y 
CHA BH 2a74 y*-9 y?+3y+9 
Simplify. [5.4a] 
1 1 1 1 1 1 
a -_ Pq ab 
i . =. 86. 
83 vl ot Sg mas 
nae xe me gt a Be 
Solve. [1.6c, d, e] 
87. [3x + 7| = 22 88. [3x + 7| < 22 
89. |3x + 7| = 22 90. [3x + 7| = [2x — 5| 
Synthesis 
91. ASA Graph the function f(x) = V(x — 2)*. What is the 92. las Use a graphing calculator to check your answers to 
domain? Exercises 5, 22, and 72. 
Multiply and simplify. 
93. V9 + 3V5 V9 - 3V5 94, (Vx +2 - Vx — 2)? 95. (V3 + V5 — V6)? 
96. Vy(1— Vy)(1 + Vy) 97. (W9 - 2)(W9 + 4) 98. [V3 + V2 + vi}4 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. Every real number has two real-number square roots. [6.1a] 


2. If Wq is negative, then g is negative. [6.1c] 


3. a" and a”/™ are reciprocals. [6.2b] 
4. To multiply radicals with the same index, we multiply the radicands. [6.3a] 


Guided Solutions 


Fill in each blank with the number that creates a correct statement or solution. 


Perform the indicated operations and simplify. [6.3a], [6.4a] 


5. V6V10 = V6-Ll= V2: 22. = VI 


6. 5V32 — 3V18 = 5 sv | 

=5:|_hW2—3> he 
=Llv2 -Llv2 
=L}v2 


Mixed Review 


Simplify. [6.1a] 
Te VBL 8. —V144 9. = 10. V—9 
11. For f(x) = V2x + 3, find f(3) andf(—2). [6.1a] 12. Find the domain of f(x) = V4 — x. [6.la] 
Graph. [6.1a] 
VER AG9) = nee 14, g(x) = Vx +1 


Find each of the following. Assume that letters can represent any real number. [6.1b, c, d] 


15. V36z2 16. Vx? — 8x + 16 
17. W-64 18. —W/27a3 
19. ¥/32 20. \/y10 


Mid-Chapter Review: Chapter 6 533 


Rewrite without rational exponents and simplify, if possible. Rewrite with rational exponents. [6.2a] 
[6.2a] 


21, 1251/8 22. (a3p)\/4 23. V/16 24. V/6m?n 


Simplify. Write the answer with positive exponents. [6.2c] 


1/4. 2-5/8 ae 3/4,,-2/3\2 -3/5)5/4 
25, 31/7 <3 Gaye 2c to yee | 28. (n—3/5) 
Use rational exponents to simplify. Write the answer in radical Use rational exponents to write a single radical expression. 
notation. [6.2d] [6.2d] 
29. ¥/16 30. (\ab)> 31. Vy Wy 32. a2/3p3/5 


Perform the indicated operation and simplify. Assume that no radicands were formed by raising negative numbers to even 
powers. [6.3a, b], [6.4a, b] 


99/45 Gay 80 49a5 
$3. VoVI5 34. V4x2y V 6xy 35. VY 36. 78 
37. 5V7 + 6V7 38. 3V/18x3 — 6V32x 39, Va(2 — 5/3) AD, (1/3 = 7a) 
41. (Vm — Vn)(Vm + Vn) AZ (5 2)? 43. (2V3 + 3V5)(3V3 — 4V5) 


Understanding Through Discussion and Writing 


44. Does the nth root of x? always exist? Why or why not? 45. Explain how to formulate a radical expression that can be 
[6.1a] used to define a function f with a domain of {x|x < 5}. 
[6.1a] 
46. Explain why V/x® = x? for any value of x, but Vx® = x3 47. Is the quotient of two irrational numbers always an 
only when x = 0. [6.2d] irrational number? Why or why not? = [6.3b] 
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(a) Rationalizing Denominators 


Sometimes in mathematics it is useful to find an equivalent expression 
without a radical in the denominator. This provides a standard notation for 
expressing results. The procedure for finding such an expression is called 
rationalizing the denominator. We carry this out by multiplying by 1. 


EXAMPLE 1 Rationalize the denominator: JE 


We multiply by 1, using V3/V3. We do this so that the denominator of 
the radicand will be a perfect square. 


CoN 
3 V3 WS SKILL TO REVIEW 
_ V7 V3 Objective 4.2d: Use arule to 
~ V/3-\V3 multiply a sum and a difference 
V2 vV21 of the same two terms. 
~ 4/32 oe Multiply. 
loo 3 =3 
———— The radicand is a perfect square. ) oi 1 ) 
2. (2y + 5)(2y — 5) 
(Do Margin Exercise 1. 
EXAMPLE 2 Rationalize the denominator: ,| x 1. Rationalize the denominator: 
2 
We first factor the denominator: ie 


ee 
25. V5-5" 


To get a perfect cube in the denominator, we consider the index 3 and the 
factors. We have 2 factors of 5, and we need 3 factors of 5. We achieve this by 
multiplying by 1, using W5/ W5. 


3 
a0 Bots W5 Multiplying eos make the denominator 
V25 V5-5 Ws V5 


of the radicand a perfect cube 
W7-W5 


W5 


ay ac The radicand is a perfect cube. 2. Rationalize the denominator: 
8 
= Va 


5 ) 
| Do Exercise 2. 


Answers 


Skill to Review: 
1. x2-9 2, 4y* — 25 


Margin Exercises: 


i VI0 ‘ W10 
eo 
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! EXAMPLE 3 Rationalize the denominator: , =. Assume that no radi- 


cands were formed by raising negative numbers to even powers. 


ee Converting t tient of radical 
—_— = —— onverting to a quotient of radicals 
5b =V5b 
V2a V5b ee 
= 5b V5B Multiplying by 1 
_ 10ab The radicand in the denominator 
\/52p2 is a perfect square. 
5°D p q 
10ab 
3. Rationalize the denominator: = 5b ) 
4a 
3b° Do Exercise 3. 
3 
a 
| EXAMPLE 4 Rationalize the denominator: ——. 
We factor the denominator: 
VYa__ Wa 
Wox W3-3-x 
To choose the symbol for 1, we look at 3 - 3 - x. To make it a cube, we need 
another 3 and two more x’s. Thus we multiply by 1, using V/3x2/W 3x2: 
Wa Wa W/ 3x2 ae 
Vu 434 2 
= V/ 3ax? The radicand in the denominator 
~ 3/333 is a perfect cube. 
/ 3ax2 
Rationalize the denominator. = . ) 
4 5 3X 
4 Ve Rad 3x 
2 2y Do Exercises 4 and 5. | 
! EXAMPLE 5. Rationalize the denominator: : 
/ 2x2y3 
3X 3x 
3x ~p/ ate? 
W2x2y3 W/24x3y2 
_ 3x v/ 16x aye The radicand in the denominator 
~ W/ 25x55 is a perfect fifth power. 
6. Rationalize i. denominator: ee 16x32 
Xe i 
Yaxy> Bid 
x 3WV 16x3y2 
a: 2y 
3V 16x3y2 
Answers eee 
2V3ab W56 xV 12x2y? 2y ) 
i i 5. 2y 
A TW 2x2y Do Exercise 6. | 


2y? 
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(b) Rationalizing When There Are Two Terms Multiply. 


[Do Exercises 7 and 8. _ Fe NECN?) 
8. (Va + Vb)( Va — vb) 


Certain pairs of expressions containing square roots, such as c — Vb, 
c+ Vb and Va-— Vb, Va+ Vb, are called conjugates. The product of 
such a pair of conjugates has no radicals in it. (See Example 12 of Section 6.4.) 
Thus when we wish to rationalize a denominator that has two terms and one 
or more of them involves a square-root radical, we multiply by 1 using the 
conjugate of the denominator to write a symbol for 1. 


| EXAMPLES Ineach of the following, what symbol for 1 would you use to 
rationalize the denominator? 


Expression Symbol for 1 


3 x bd Change the operation sign in the 
6. denominator to obtain the conjugate. 
xEVI LS V7 ‘ 
A Use the conjugate for the numerator 
and denominator of the symbol for 1. 
V7 +4 34 2V5 What symbol for 1 would you use to 
7. 3-25 3425 ) rationalize the denominator? 
5 We ae Tl 7 on 
| Do Exercises 9 and 10. “V3-y "V2+ V3 
é 5 ‘ 4 
| EXAMPLE 8 Rationalize the denominator: . 
Vere 
4 4 v= 2 
Vite V2exn Vame 
4(V3 = x) 
(v3 + x)(-V3 = x) 
_ 4V3 — 4x 
3 — x4 ) 
4+ V2 
EXAMPLE 9  Rationalize the denominator: —=——z. 
V5 -— V2 
4+ V2 AtLV2 Wor v2 Multiplying by 1, using the conjugate 


We=4 15-62 4 of V5 — V2, whichis V5 + V2 


(4 7 V2)(V5 7 v2) Multiplying numerators 
(v5 = V2)( V5 + v2) and denominators 


4V5 + 4V2+ V2V5+(V2)? — Using (A — B)(A + B) = 
(v5)? 7 (v2)? A’ — B* in the denominator Rationalize the denominator. 
4V5 + 4V2+ VI0 +2 ee: fy 
- 52 3+ V2 il = v2 
4V5 + 4V2 + V10+ 2 
Answers 


| Do Exercises 11 and 12. V3 +y 


7.02-b 8&a-b 9. 


V2—- V3 baa 
— v3 

10. 1l. 6 — 2vV2 
V2 —- V3 ve 
12. -7 - 6V2 
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Mowe Exercise Set 


(a) Rationalize the denominator. Assume that no radicands were formed by raising negative numbers to even powers. 


== P. 


thlab\) “e - mE 
a PRACTICE WATCH DOWNLOAD READ REVIEW 


For Extra Help q — 


5 8 11 17 
1. 3 2. 7 3. 2 4. 6 
2V3 3V5 16 1 
5. 8 6. sve 7 J 8. 2/= 
7V5 8vV2 9 3 
/3a W7x VY 2y4 /3a4 
a. 10. 1S ie 12. — 
be W3y 6x4 7b 
1 1 3x 7a 
13. 14. 15. ./— 16. ,/— 
Vet Vy 20 32 
4 7c 1 2x 
17.2 18. 3 19. 3 20. ———— 
5x5y2 100ab® guy? V/18x8y® 
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(b) Rationalize the denominator. Assume that no radicands were formed by raising negative numbers to even powers. 


21. 6 a 22. - —_ 
25. we 26. see 
29. aa 30. ee - 
33. : : ve 34, ; : “ 
3V2—2V3 4/3 = 3V2 


Skill Maintenance 


Solve. [5.5a] 
gp lt 
“2 3 ft 


Divide and simplify. [5.1e] 
1. 1 
3 (= yx? + ay + y’) 


Synthesis 


45. TESA Use a graphing calculator to check your answers to 


Exercises 15 and 16. 


Simplify. (Hint: Rationalize the denominator.) 


4G A/G = 3 = 


a* —3 


23. 


27. 


31. 


35. 


39. 


42. 


44, 


46. 


48. 


-4V7 of —5V2 

V5 4+ V3 "V7- V5 
34 V5 - 24+ V3 

V2+ V5 "V34+ V5 
V5 — 2V6 ag, VS =3V5 
V3 - 4V5 “V3 -2V7 
2+ 3Vx 36. 2 2d 

34+ 2Vx “44+ 3Vy 

Vx — Vy io Va+ Vb 
Vx + Vy “Va - Vb 
5 9 15 


x-1l x2@4+x41 x3 -1 


2x*-—x-6 2x%+x-3 
x2+4x4+3  x2-1 


Express each of the following as the product of two 
radical expressions. 
a) x-—5 b) x-a 

1 1 1 


4+ V3 V3. V3-4 
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SKILL TO REVIEW 
Objective 4.8a: Solve quadratic 
and other polynomial equations by 
first factoring and then using the 
principle of zero products. 


Solve. 
l.x2-x=6 
2.x27-—x=2x4+4 


Answers 
Skill to Review: 


1, -2,3 2, -14 


540 CHAPTER 6 


(a) The Principle of Powers 
A radical equation has variables in one or more radicands—for example, 
/2xbl=5, Vat V4x-2 = 7. 


To solve such an equation, we need a new equation-solving principle. Sup- 
pose that an equation a = bis true. If we square both sides, we get another 
true equation: a* = b2. This can be generalized. 


THE PRINCIPLE OF POWERS 


For any natural number n, if an equation a = bis true, then a” = b” 
is true. 


However, if an equation a” = b" is true, it may not be true that a = D, if 
n is even. For example, 32 = (—3) is true, but 3 = —3 is not true. Thus we 
must check the possible solutions when we solve an equation using the prin- 
ciple of powers. 

To solve an equation with a radical term, we first isolate the radical term 
on one side of the equation. Then we use the principle of powers. 


EXAMPLE 1 Solve: Vx — 3 = 4. 
We have 
Vx-3=4 
Vx=7 Adding to isolate the radical 
(vx)? = Using the principle of powers (squaring) 
x=49. Vx-Vx=x 


The number 49 is a possible solution. But we must check in order to be sure! 


Check: Vx-3=4 
V49-324 
Ls 
4 TRUE 
The solution is 49. ) 


The principle of powers does not always give equivalent equations. For this 
reason, a check is a must! 


Radical Expressions, Equations, and Functions 


) EXAMPLE 2 Solve: Vx = -3. 


We might observe at the outset that this equation has no solution because 
the principal square root of a number is never negative. Let’s continue as 
above for comparison. 


Vx = -3 Check; Vx =-3 

(Vx)? = (-3)? V5? -3 
eo 9 3 | FALSE 
The number 9 does not check. Thus the equation Vx = —3 has no real- 
number solution. Note that the solution of the equation x = 9 is 9, but the 
equation Vx = —3 has no solution. Thus the equations x = 9 and Vx = —3 
are not equivalent equations. ) 


Do Exercises 1 and 2. 


' EXAMPLE 3 Solve: x — 7 = 2Vx + 1. 


The radical term is already isolated. We proceed with the principle of 
powers: 


x-7=2Vx4+1 


x — 7)? = (2Vx + 1)? Using the principle of 
g the p 
powers (squaring) 


(x= 7) +(x — 7) = (2V"¥ 1)(2Vx + 1) 
x? — 14x + 49 = 22(-V/x + 1)? 
2 — 14x + 49 = 4(x + 1) 
x? -— 14x + 49 =4x4+4 
2_ 18x + 45 =0 
(x — 3)(x — 15) =0 Factoring 


x-3=0 or x-15=0 Using the principle of 
zero products 


x 


x=3 or x = 15. 


The possible solutions are 3 and 15. We check. 


For 3: For 15: 
x-7=2Vx4+1 x-7=2Vx4+1 
3— 7 2 2vVv3a4 1 15-72 2V15+1 
—-4 | 2V4 8 | 2V16 
2(2) 2(4) 
4 FALSE 8 TRUE 


The number 3 does not check, but the number 15 does check. The solution 
is 15. 


The number 3 in Example 3 is what is sometimes called an extraneous 
solution, but such terminology is risky to use at best because the number 3 is 
in no way a solution of the original equation. 


| Do Exercises 3 and 4. 


Solve. 
1.Vx-7=3 


2.Ve = =2 


Solve. 


Gio a6 ae = WDE a 7 


ANG Ie SN xl 


Answers 
1.100 2. Nosolution 3.1 4. 2,5 
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7 
| 


SC Algebraic-Graphical Connection 


We can visualize or check the solutions of a radical equation graphically. 
Consider the equation of Example 3: x — 7 = 2Vx + 1.We can exam- 
ine the solutions by graphing the equations 


y=x-7 and y=2Vx+1 


using the same set of axes. A hand-drawn graph ofy = 2Vx + 1 would 
involve approximating square roots on a calculator. 


8 10 12 14 16 18 20 x 


It appears from the graph that when x = 15, the values of y = x — 7 
and y = 2Vx + 1 are the same, 8. We can check this as we did in Exam- 
ple 3. Note too that the graphs do not intersect at x = 3, the extraneous 


solution. 
x 
@ Calculator Corner 
Solving Radical Equations We can solve radical equations graphically. Consider the equation in Example 3, 
X-—T=2VX + 1. 
We first graph each side of the equation. We enter y, = x — 7 and yp = 2\/x + lonthe equation-editor screen and graph the equations 
using the window [ —5, 20, —10, 10]. Note that there is one point of intersection. We use the INTERSECT feature to find its coordinates. (See 
the Calculator Corner on p. 246 for the procedure.) The first coordinate, 15, is the value of x for which y, = y2,orx — 7 = 2Vx + 1.Itis 
the solution of the equation. Note that the graph shows a single solution whereas the algebraic solution in Example 3 yields two possible 
solutions, 3 and 15, that must be checked. The algebraic check shows that 15 is the only solution. 
y=x-7, Yo = 2Nx +1 
10 
~s|. 
Intersection 
X=15 Y=8 
—10 
Exercises: 
1. Solve the equations in Examples 1 and 4 graphically. 
2. Solve the equations in Margin Exercises 1, 3, and 4 graphically. 
X J 
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! EXAMPLE 4 Solve: x = Vx +7+5. 


We have 
x=VX+745 
x-5=Vx+7 Subtracting 5 to isolate the 


radical term 


(x — 5)* = (vx + 7 Using the principle of powers 
(squaring both sides) 


x? = 10x+25=%+4+7 
x2 — llx + 18=0 
(x — 9)(x — 2) =0 Factoring 
x=9 or x=2. Using the principle of zero products 


The possible solutions are 9 and 2. Let’s check. 


For 9: For 2: 
X=Vx+74+5 x=VxXx+7+5 
92V9 +7+5 22V24+7 
V16 +5 V9+5 
4+5 3+5 
9 TRUE 8 FALSE 
Since 9 checks but 2 does not, the solution is 9. i 


{ EXAMPLE 5 Solve: VY2x+1+5=0. 
We have 


W2x+1+5=0 
W2x+1=—-5 Subtracting 5. This isolates the radical term. 


( Wax + 1)8 = (—5)8 Using the principle of powers (raising to the 
third power) 


2x + 1 = —-125 
2x = —126 Subtracting 1 


x = —63. 
Check: Wax+1+5=0 
W2-(-63) +1+520 
W-125 +5 
—5 +5 
0 TRUE 
Solve. 
The solution is —63. ) my se = War ES tt Il 


| Do Exercises 5 and 6. 6. Wx —1-2=0 


Answers 
5.4 6.17 
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AIM FOR MASTERY 


In some exercise sets, you might 
encounter some exercises that are 
more difficult for you than others. 
Do not ignore these types of exer- 
cises but instead work to master 
them. These are the exercises that 
you will need to revisit as you 
progress through the course. 
Consider highlighting them or 
marking them with a star so that 
you can locate them easily when 
studying or reviewing for a quiz 
or a test. 


(b) Equations with Two Radical Terms 


A general strategy for solving radical equations, including those with two rad- 
ical terms, is as follows. 


r 


S 


SOLVING RADICAL EQUATIONS 
To solve radical equations: 


1. Isolate one of the radical terms. 
. Use the principle of powers. 


2 
3. Ifa radical remains, perform steps (1) and (2) again. 
4. Check possible solutions. 


XN 


! EXAMPLE 6 Solve: Vx—3+ Vx+5=4. 


Vx—34+Vx4+5=4 
Vx-3=4-Vx+5 Subtracting Vx + 5. This 
isolates one of the radical 


terms. 

(vx = 3)? = (4 = VX + 5)? Using the principle of 
powers (squaring both 
sides) 


x-3=16-8Vx+5+(x+5)  Using(A- B)? = 
A2 — 2AB + B?. See this 


rule in Section 4.2. 


-3=21-8vVxt+5 Subtracting x and 
collecting like terms 
—24=-8Vx4+5 Isolating the remaining 
radical term 
3=Vxe4F5 Dividing by —8 
oe (vx +5)" Squaring 
9=x+5 
=x 
The number 4 checks and is the solution. ) 


! EXAMPLE 7 Solve: V2x—5=1+ Vx—3. 


V2x-5=1+Vx—-3 
(v2x —5)* = (1+ Vx—3)* — One radical is already isolated. 
We square both sides. 
2x-5=1+2Vx—3+(vVx—3)2 
22-5 =1+2Vx—3 + (x -— 3) 

x-3=2Vx—3 


Isolating the remaining radical term 


(x- 3) = (2Vx — 3)? Squaring both sides 
x2 — 6x + 9 = 4(x — 3) 
x*— 6x+9=4x- 12 
x* = 10x + 21 =0 
(x — 7)(x — 3) =0 Factoring 
x=7 or x=3 Using the principle of 


zero products 
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The possible solutions are 7 and 3. We check. 


For 7: For 3: 
Vix —5 =1+ Ve—3 Vin = 5 =1+ Ve=3 
27) =6 21 vr =s 233) -5 ?71+vV3-3 
V14—5 |14+ V4 6—5 | 1+ V0 
V9 | 1+ 2 VI |} 1+0 
Bo lees TRUE 1/1 TRUE 
Solve. 
The numbers 7 and 3 check and are the solutions. ) 7.Vx—-Vx—-5=1 
[Do Exercises 7 and 8. Gi V2 = 5 = B=] Var = 2B 
EXAMPLE 8 Solve: Vx + 2- V2x+2+1=0. 
We first isolate one radical. 
Vx +2-V2x+2+1=0 
Vx+t2+1= V2x4+ 2 Adding V2x + 2 to isolate a 
radical term 
( x +24 1)? - (V2x 2)2 Squaring both sides 
x+24+2Vx4+24+1=2x4+2 
2Vx+2=x-1 
(2Vx + 2)? = (x - 1) 
A(x + 2) =x*-2x+1 
4x+8=x2%-2x41 
0=x2-6x-—7 
0 = (x — 7)(x + 1) Factoring 
x-7=0 or x+1=0 Using the principle of zero 
products 
x=7 or x=-l1 
The possible solutions are 7 and —1. We check. 
For 7: 
Vx +t+2—-V2x+2+1=0 
V7+2-V2-742+120 
VO-— Vi6 +1 
3-4+1 
0 TRUE 
For —1: 
Vx+2-—-V2x+2+1=0 
Walt 2 = V2- (1) £24127 0 
VI- V0+1 
1-0+1 
2 FALSE 
The number 7 checks, but —1 does not. The solution is 7. ) 
9. Solve: 
Do Exercise 9. Set l—=l=Vaetas 0, 
Answers 


79 827 95 
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(¢) Applications 


Speed of Sound. Many applications translate to radical equations. 
For example, at a temperature of t degrees Fahrenheit, sound travels 
at a rate of S feet per second, where 


S = 21.9V5t + 2457. 


' EXAMPLE 9 Outdoor Concert. The geologically formed, 
open-air Red Rocks Amphitheatre near Denver, Colorado, hosts a 
series of concerts. A scientific instrument at one of these concerts 

determined that the sound of the music was traveling at a rate of 1170 ft/sec. 

What was the air temperature at the concert? 


We substitute 1170 for Sin the formula S = 21.9V5t + 2457: 
1170 = 21.9V5t + 2457. 


Then we solve the equation for f: 


1170 = 21.9V5t + 2457 

10. Marching Band Performance. 1170 
When the Fulton High School a 

s 21.9 

marching band performed at 

half-time of a football game, the 1170 \* _ : 2 : ‘ 

gee Gi aomme Horn dre mesic ( 51.9 (Vor 2457) Squaring both sides 
was measured by a scientific 


V5t + 2457 Dividing by 21.9 


2854.2 ~ 5t + 2457 implifyi 
instrument to be 1162 ft/sec. & a 2 SHEpIAyINg 
What was the air temperature? 397.2 © St Subtracting 2457 
79 t. Dividing by 5 
The temperature at the concert was about 79°F. I 


Answer 


10. About 72°F Do Exercise 10. 


For Extra Help 
I] Matheyy> = I 
MyMathLab eee ls gf. READ REVIEW. 


1. V2x—3=4 2. V5x+2=7 3. V6x+1=8 4, V3x -4=6 

5. Vyt+7-4=4 6. Vx—-1-3=9 7. V5y + 8 = 10 8. V2y+9=5 3 
3 

9. W/x = -1 10. W/y = -2 ll. Vx +2 = —4 12: Vy 3 = 2 g 
a 
3 

13. VWx+5=2 14. Vx -2=3 15. Wy -3=2 16. Wx+3=3 z 
z 
8 


546 CHAPTER 6 _ Radical Expressions, Equations, and Functions 


17. W6x +9+8=5 


21.x-7=Vx-5 


25.3Vx-1-l=x 


(b) Solve. 


29. V3y + 1 = V2y + 6 


31. Vy—5+Vy=5 


18. V/3y + 6+2=3 


22,.x-5=Vx+7 


26.x-1=Vx+5 


33.3+ Vz—-6=Vz+9 
35. V20-—x+8= V9—x4+11 
37. V4y + 1-Vy—-2=3 
39. Vx + 24+ V3x4+4=2 
Al. V3x —5+ V2x+3+1=0 


19. 8 = ae 
23.2Vx+1+7=x 

27. x — 3 = V27 — 3x 28.x-1= 
30. V5x — 3 = V2x+3 

32. Vx -—9+ Vx=1 

34. V4x —3 = 24+ V2x—5 

36.4+ V10-x=6+ V4—x 
38. Vy + 15 - V2y+7=1 

40. V6x + 7- V3x+3=1 

42. V2m —3+2-Vm+7=0 


6.6 Solving Radical Equations 


24, V2x+7-2=x 


= % 


547 


43. 2Vti—1- V3t—1=0 44, 3V2y +3 - Vy + 10 =0 


(c) Solve. 


Sighting to the Horizon. How far can you see to the 1353 ft. 1450 ft 
horizon from a given height? The function 
D=1.2Vh 


can be used to approximate the distance D, in miles, that a 
person can see to the horizon from a height h, in feet. 


45. An observation deck near the top of the Willis Tower 46. The roof of the Willis Tower is 1450 ft high. How far 
(formerly known as the Sears Tower) in Chicago is can a worker see to the horizon from the top of 
1353 ft high. How far can a tourist see to the horizon the Willis Tower? 


from this deck? 


47. Sarah can see 31.3 mi to the horizon from the top ofa 48. A technician can see 30.4 mi to the horizon from the top 
cliff. What is the height of Sarah’s eyes? of a radio tower. How high is the tower? 


49. Asteeplejack can see 13 mi to the horizon from the 50. A person can see 230 mi to the horizon from an airplane 
top of a building. What is the height of the steeple- window. How high is the airplane? 
jack’s eyes? 
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Speed of a Skidding Car. After an accident, how do police 
determine the speed at which the car had been traveling? 
The formula 


r= 2V5L 


can be used to approximate the speed r, in miles per hour, 
of a car that has left a skid mark of length L, in feet. Use this 
formula for Exercises 51 and 52. 


51. How far will a car skid at 55 mph? at 75 mph? 


52. How far will a car skid at 65 mph? at 100 mph? 


Temperature and the Speed of Sound. Solve Exercises 53 and 54 using the formula S = 21.9\V/5t + 2457 from Example 9. 


53. During blasting for avalanche control in Utah’s Wasatch 
Mountains, sound traveled at a rate of 1113 ft/sec. What 


was the temperature at the time? 


54, At a recent concert by the Dave Matthews Band, sound 
traveled at a rate of 1176 ft/sec. What was the tempera- 
ture at the time? 


Period of a Swinging Pendulum. The formula T = 277VL/32 can be used to find the period T, in seconds, of a pendulum of 


length L, in feet. 


55. What is the length of a pendulum that has a period of 
1.0 sec? Use 3.14 for 77. 


57. The pendulum in Jean’s grandfather clock has a 
period of 2.2 sec. Find the length of the pendulum. 
Use 3.14 for 7. 


56. What is the length of a pendulum that has a period of 
2.0 sec? Use 3.14 for 7. 


58. A playground swing has a period of 3.1 sec. Find the 
length of the swing’s chain. Use 3.14 for 77. 
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Skill Maintenance 


Solve. [5.6a] 

59. Paintinga Room. Julia can paint a room in 8 hr. George 60. Delivering Leaflets. Jeff can drop leaflets in mailboxes 
can paint the same room in 10 hr. How long will it take three times as fast as Grace can. If they work together, it 
them, working together, to paint the same room? takes them 1 hr to complete the job. How long would it 

take each to deliver the leaflets alone? 

Solve. [5.6b] 

61. Bicycle Travel. Acyclist traveled 702 mi in 14 days. 62. Earnings. Dharma earned $696.64 working for 56 hr at 
At this same ratio, how far would the cyclist have a fruit stand. How many hours must she work in order 
traveled in 56 days? to earn $1044.96? 


Solve. [4.8a] 
63. x2 + 2.8x = 0 64. 3x2 — 5x = 0 65. x2 — 64 =0 66. 2x2 =x+ 21 


For each of the following functions, find and simplify f(a + h) — f(a). [4.2e] 
67. f(x) = x? 68. f(x) = x? — x 69. f(x) = 2x? — 3x 70. f(x) = 2x2 + 3x —7 


Synthesis 


71. Tawa Use a graphing calculator to check your answers 72. I&€ Consider the equation 
to Exercises 4, 9, 33, and 38. Vox + 1+ Vox—-4= Vi10x+ 9. 


a) Use a graphing calculator to solve the equation. 

b) Solve the equation algebraically. 

c) Explain the advantages and disadvantages of using 
each method. Which do you prefer? 


Solve. 

73. J%—10=2 74, W227 +17 =3 75. VVy + 49 — Vy = v7 

76. Wx2+x+15-3=0 77. VV x2 + 9x + 34=2 78. V8 — b= bvV8—b 

79. Vx—2-VxF2+2=0 80. 6Vy + 6y 1/2 = 37 81. Va2 + 30a = a+ V5a 

82. VVx +4 = Vx —-2 ec : pa 
Vx2+3x+6 4 Vx +1 

85. Vy2+6+y-3=0 86. 2Vx— 1 — V3x—5 = Vx—9 87. Vy +1 — V2y—5 = Vy—2 


88. Evaluate: V7 + 4V3 — V7 — 4V3. 
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(a) Applications 


There are many kinds of applied problems that involve 
powers and roots. Many also make use of right triangles c 
and the Pythagorean theorem: a? + b? = c?. 


b 


EXAMPLE 1 HDTV Dimensions. An HDTV whose screen measures 46 in. 
diagonally has a width of 40 in. What is its height? 


Using the Pythagorean theorem, a* + b? = c*, we substitute 40 for b and 
46 for c and then solve for a: 
a2 + b* = c? 
a” + 40? = 462 _— Substituting 
a” + 1600 = 2116 
a* = 516 


We consider only 

the positive root 
a= V516 since length cannot 
aw on be negative. 


The exact answer is V516. This is approximately equal to 22.7. Thus 
the height of the HDTV screen is about 22.7 in. ) 


EXAMPLE 2 Find the length of the hypotenuse of this right triangle. Give 


1. Find the length of the 
an exact answer and an approximation to three decimal places. hypotenuse of this right 
72442 = (2 Sabatnutng triangle. Give an exact answer 
. and an approximation to three 
49+ 16=c : 4 decimal places. 
65 = c? , 
Exactanswer: c= V65 7 
Approximation: c ~ 8.062 Using a calculator ) 
8 5) 


EXAMPLE 3 Find the missing length b in this right triangle. Give an exact 
answer and an approximation to three decimal places. 


P+ b? = (Vil i Substituting Vil 
oe : F ; 
1+ b*=11 2. Find the length of the leg of this 
b2 = 10 D right triangle. Give an exact 
answer and an approximation 
Exact answer: b= V10 to three decimal places. 
Approximation: b ® 3.162 Using a calculator ) 


(Do Exercises 1 and 2. 1 Ve 


Answers 
1. V41; 6.403 2. V6; 2.449 
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3. Baseball Diamond. A baseball 
diamond is actually a square 
90 ft on a side. Suppose a catcher 
fields a bunt along the third-base 
line 10 ft from home plate. How 
far would the catcher have to 
throw the ball to first base? Give 
an exact answer and an approxi- 
mation to three decimal places. 


4. Referring to Example 5, find 
L given that h = 3 ft and 
d = 180ft. You will need a 
calculator with an exponentia- 


tion key |y*|, or @. 


Answers 
3. V8200ft;90.554ft 4. 7.4 ft 


! EXAMPLE 4 Construction. Darla is laying out the footer of a house. To 


see if the corner is square, she measures 16 ft from the corner along one wall 
and 12 ft from the corner along the other wall. How long should the diagonal 
be between those two points if the corner is a right angle? 


We make a drawing and let d = the length of the diagonal. It is the length 
of the hypotenuse of a right triangle whose legs are 12 ft and 16 ft. We substi- 
tute these values in the Pythagorean theorem to find d: 


d? = 127 + 162 


d? = 144 + 256 
d? = 400 
d = V/400 
d = 20. 
The length of the diagonal should be 20 ft. ) 


Do Exercise 3. | 


! EXAMPLE 5 Road-Pavement Messages. Ina psychological study, it was 


determined that the ideal length L of the letters of a word painted on pave- 
ment is given by 


0.000169d2:27 
L= 
h 
where dis the distance of a car from the lettering and h is the height of the eye 
above the road. All units are in feet. For a person h feet above the road, a mes- 
sage d feet away will be the most readable if the length of the letters is L. Find 
L, given that h = 4ftandd = 180ft. 


We substitute 4 for h and 180 for d and calculate L using a calculator with 
an exponentiation key |y*|, or @: 


j 0.000169(180)*:2? 
7 4 


Do Exercise 4. 


~ 5.6 ft. ) 
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1. Angles of a Triangle. The second 


angle of a triangle is four times 
as large as the first. The third is 
27° less than the sum of the 
other angles. Find the measures 
of the angles. 


. Lengths of a Rectangle. The 
area of a rectangle is 180 ft. 
The length is 26 ft greater than 
the width. Find the length and 
the width. 


. BoatTravel. The speed ofa 
river is 3 mph. A boat can go 

72 mi upstream and 24 mi 
downstream in a total time of 
16 hr. Find the speed of the boat 
in still water. 


. Coin Mixture. A collection of 
nickels and quarters is worth 
$13.85. There are 85 coins in all. 
How many of each coin are 
there? 


. Perimeter. The perimeter of a 
rectangle is 180 ft. The length is 
26 ft greater than the width. Find 
the length and the width. 


Translating 
for Success 


Translate each word problem to an 
equation or a system of equations 
and select a correct translation from 
equations A-O. 

Pe a ee 

. x(x + 26) = 180 

. 10,311 + 5%x = x 


. x + y= 85, 
5x + 25y = 13.85 


~ x2 + 4? = 122 


240 _ 384 


%=18 x 


. x + 5%x = 10,311 


x+y+z= 180, 
y = Ax, 
Z=xt+y- 27 


. 2x + 2(x + 26) = 180 


384 240 
“ x- 18 x 


~-x+ y= 85, 
0.05x + 0.25y = 13.85 
. 2x + 2(x + 24) = 240 


72 24 


O. = 
w= 3 * Seb 


16 


Answers on page A-23 


6. Shoveling Time. It takes Marv 


65 min to shovel 4 in. of snow 
from his driveway. It takes Elaine 
85 min to do the same job. How 
long would it take if they worked 
together? 


. Money Borrowed. Claire 


borrows some money at 5% sim- 
ple interest. After 1 year, $10,311 
pays off her loan. How much did 
she originally borrow? 


. Plank Height. A 12-ft plank is 


leaning against a shed. The bot- 
tom of the plank is 4 ft from the 
building. How high up the side 
of the shed is the top of the 
plank? 


. Train Speeds. The speed of 


train A is 18 mph slower than the 
speed of train B. Train A travels 
240 mi in the same time that it 
takes train B to travel 384 mi. 
Find the speed of train A. 


. Diagonal of a Square. Find the 


length of a diagonal of a square 
swimming pool whose sides are 
12 ft long. 


For Extra Help 


Mathéx ae 
MyMathLab |) eee 2 a. READ ne 


6.7 | Exercise Set 


In a right triangle, find the length of the side not given. Give an exact answer and, where appropriate, 


an approximation to three decimal places. c 

a 

la=3, b=5 2. a= 8, b= 10 3.a= 15, b= 15 4.a= 8, b=8 
5. b= 12, c= 13 6.a=5, c= 12 7.c=7,a= V6 8. c= 10, a= 4V5 
9. b= 1, c= V13 10.a= 1, c= V12 llka=1,c=Vn 12.c=2,a= Vn 


In the following problems, give an exact answer and, where appropriate, an approximation to three decimal places. 


13. Guy Wire. How long is a guy wire reaching from the 14. Softball Diamond. A slow-pitch softball diamond is 
top ofa 10-ft pole to a point on the ground 4 ft from the actually a square 65 ft on a side. How far is it from home 
pole? to second base? 


15. Road-Pavement Messages. Using the formula of 16. Road-Pavement Messages. Using the formula of 
Example 5, find the length L of a road-pavement Example 5, find the length L of a road-pavement 
message when h = 4ft and d = 200ft. message when h = 8ftandd = 300 ft. 
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17. Vegetable Garden. Benito and Dominique are planting 
a vegetable garden in the backyard. They decide that it 
will be a 30-ft by 40-ft rectangle and begin to lay it out 
using string. They soon realize that it is difficult to form 
the right angles and that it would be helpful to know the 
length of a diagonal. Find the length of a diagonal. 


19. Bridge Expansion. During the summer heat, a 2-mi 
bridge expands 2 ft in length. If we assume that the bulge 
occurs straight up the middle, how high is the bulge? 
(The answer may surprise you. In reality, bridges are 
built with expansion spaces to avoid such buckling.) 


XK 


XXXXXXXXs 


SSG OD ns 
LXXKKXKXKKK 


a \A — 
Sox a xx] 


21. Each side of a regular octagon has length s. Find a 
formula for the distance d between the parallel sides 
of the octagon, 


23. The length and the width of a rectangle are given by 
consecutive integers. The area of the rectangle is 90 cm?. 
Find the length of a diagonal of the rectangle. 


18. Screen Dimensions. A television whose screen has a 
25-in. diagonal has a height of 15 in. What is its width? 


20. Triangle Areas. Triangle ABC has sides of lengths 
25 ft, 25 ft, and 30 ft. Triangle PQR has sides of lengths 
25 ft, 25 ft, and 40 ft. Which triangle has the greater area 


and by how much? 
B 
Q 
25 ft 25 ft 25 ft 25 ft 
P R 
30 ft : 40 ft 


22. The two equal sides of an isosceles right triangle are of 
length s. Find a formula for the length of the hypotenuse. 


24. The diagonal of a square has length 8 V2 ft. Find the 
length of a side of the square. 
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25. Find all ordered pairs on the x-axis of a Cartesian 26. 
coordinate system that are 5 units from the 
point (0, 4). 

27. Speaker Placement. A stereo receiver is in a corner of a 28. 


12-ft by 14-ft room. Speaker wire will run under a rug, 
diagonally, to a speaker in the far corner. If 4 ft of slack is 
required on each end, how long should the piece of 
wire be? 


29. Plumbing. Plumbers use the Pythagorean theorem to 30. Ramps for the Disabled. Laws regarding access ramps 


calculate pipe length. Ifa pipe is to be offset, as shown 
in the figure, the travel, or length, of the pipe, is calcu- 
lated using the lengths of the advance and offset. Find 
the travel if the offset is 17.75 in. and the advance is 
10.25 in. 


«oe 
Offset 
Advance 
Skill Maintenance 
Solve. [5.6c] 
31. Commuter Travel. The speed of the Zionsville Flash 32. 


commuter train is 14 mph faster than that of the Carmel 
Crawler. The Flash travels 290 mi in the same time that 
it takes the Crawler to travel 230 mi. Find the speed of 
each train. 


556 CHAPTER 6 _ Radical Expressions, Equations, and Functions 


Find all ordered pairs on the y-axis of a Cartesian 
coordinate system that are 5 units from the 
point (3, 0). 


Distance Over Water. To determine the distance 
between two points on opposite sides of a pond, a 
surveyor locates two stakes at either end of the pond and 
uses instrumentation to place a third stake so that the 
distance across the pond is the length of a hypotenuse. If 
the third stake is 90 m from one stake and 70 m from the 
other, how wide is the pond? 


for the disabled state that a ramp must be in the form 
of a right triangle, where every vertical length (leg) of 
1 ft has a horizontal length (leg) of 12 ft. What is the 
length of a ramp with a 12-ft horizontal leg anda 

1-ft vertical leg? 


Marine Travel. A motor boat travels three times as fast 
as the current in the Saskatee River. A trip up the river 
and back takes 10 hr, and the total distance of the trip is 
100 mi. Find the speed of the current. 
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Solve. [4.8a], [5.5a] 


+2 x-4 
33. 2x? + llx - 21=0 34. x2 + 24 = 11x 35. ~ == 
HES X= 5 
-5 4 x=1 6 
. 3x2 — 12 = eat . = 
36. 3x 0 = emer ae we ag 
Synthesis 
39. Roofing. Kit’s cottage, which is 24 ft wide and 32 ft 40. Painting. (Refer to Exercise 39.) A gallon of paint 
long, needs a new roof. By counting clapboards that covers about 275 sq ft. If Kit’s first floor is 10 ft high, how 
are 4 in. apart, Kit determines that the peak of the roof many gallons of paint should be bought to paint the 
is 6 ft higher than the sides. If one packet of shingles house? What assumption(s) is made in your answer? 
covers 33 7 sq ft, how many packets will the job 
require? 41. Cube Diagonal. Acube measures 5 cm on each side. 


42 


. 


How long is the diagonal that connects two opposite 
corners of the cube? Give an exact answer. 


Wind Chill Temperature. Because wind enhances the 
loss of heat from the skin, we feel colder when there is 
wind than when there is not. The wind chill temperature 
is what the temperature would have to be with no wind 
in order to give the same chilling effect as with the wind. 
A formula for finding the wind chill temperature, Ty, is 
Ty = 35.74 + 0.62157 = 35,75V *8 + OaaraTv He, 
where T is the actual temperature given by a thermome- 
ter, in degrees Fahrenheit, and Vis the wind speed, in 
miles per hour.* Use a calculator to find the wind chill 
temperature in each case. Round to the nearest degree. 
Source: National Weather Service 


a) T = 40°F, b) T = 20°F, 

V = 25 mph V = 25 mph 
c) T= 10°F, d) T = 10°F, 

V = 20 mph V = 40 mph 
e) T= —5°F, f) T= —15°F, 

V = 35 mph V = 35 mph 


*This formula can be used only when the wind speed is above 3 mph. 
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SKILL TO REVIEW 
Objective 4.2b: Use the FOIL 
method to multiply two binomials. 


Multiply. 
1. (w + 4)(w — 6) 
2. (2x + 3y)(3x — 5y) 


Express in terms of i. 


Is WHS 2a =25) 
& = Wea lll At —=36 
5. V—54 

Answers 


Skill to Review: 
1. w? - 2w—- 24 2. 6x? — xy — 15y? 


Margin Exercises: 


1. iV5,orV5i— 2. Si 3. — V1, or — V1 


4.-6i 5. 3iV6, or 3V6i 


! EXAMPLES Express in terms of i. 


(a) Imaginary and Complex Numbers 


Negative numbers do not have square roots in the real-number system. How- 
ever, mathematicians have described a larger number system that contains 
the real-number system, such that negative numbers have square roots. That 
system is called the complex-number system. We begin by defining a number 
that is a square root of —1. We call this new number i. 


THE COMPLEX NUMBER i 


We define the number i to be V—1. That is, 


i= V-I1 and i? =-1. 


To express roots of negative numbers in terms of i, we can use the fact 
that in the complex numbers, V—p = V-1- p = V-1 Vpwhen pisa posi- 
1 V-7 = V-1-7 = V-1- V7 = iv7, or V7i 


tive real number. 
iis not under 
the radical. 
. V-16 = V-1-16= V-1-V16=i-4=4i 


2 
3. -V-13 = -V-1-13 = -V-1- V13 = —iv13, or —V13i 
4 
5 


V-64 = -V-1- 64 = -V-1- V64 = -i- 8 = -8i 


. V—48 = V-1- 48 = V—1: V48 = 1V48 = 1-43 = 4V3i, OF 4iV3 
) 


Do Margin Exercises 1-5. J 


IMAGINARY NUMBER 


An imaginary* number is a number that can be named 


bi, 


where b is some real number and b # 0. 


To form the system of complex numbers, we take the imaginary num- 
bers and the real numbers and all possible sums of real and imaginary num- 
bers. These are complex numbers: 


7 — Ai, —7 + 19i, 305 iV8. 


*Dont let the name “imaginary” fool you. The imaginary numbers are very important in 
such fields as engineering and the physical sciences. 
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COMPLEX NUMBER 


A complex number is any number that can be named 


a+ bi, 


where a and D are any real numbers. (Note that either a or b or both 
can be 0.) 


Since 0 + bi = bi, every imaginary number is a complex number. Simi- 
larly, a + Oi = a, so every real number is a complex number. The relation- 
ships among various real and complex numbers are shown in the following 
diagram. 


Irrational numbers: 
3 
V2,m,—-V7,... 


The complex numbers: 
at bi 


Complex numbers 
a+ bi,a#0,b#0: 


5—4i,2-4i,.., 


It is important to keep in mind some comparisons between numbers that 
have real-number roots and those that have complex-number roots that are 
not real. For example, V —48 is a complex number that is not a real number 
because we are taking the square root of a negative number. But, V/ —125 isa 
real number because we are taking the cube root of a negative number and 
any real number has a cube root that is a real number. 


(b) Addition and Subtraction 


The complex numbers follow the commutative and associative laws of 
addition. Thus we can add and subtract them as we do binomials with 
real-number coefficients, that is, we collect like terms. 


EXAMPLES Addor subtract. 
6. (8 + Gi) + (3 + 2i) = (8+ 3) + (6+ 2)i=11 + Bi 
7. (3 + 2i) — (5 — 2i) = (3 — 5) + [2 — (-2)]i= -2 + 43 ) 


Do Exercises 6-9. 


(c) Multiplication 


The complex numbers obey the commutative, associative, and distributive 
laws. But although the property VaVb = Vab does not hold for complex 
numbers in general, it does hold when a = —1 and bisa positive real number. 


STUDY TIPS 


GETTING STARTED 


The idea of starting your home- 
work or studying for a test need not 
be overwhelming. Begin by choos- 
ing a few homework problems to 


do or focus on a single topic to 
review for a test. Often, getting 
started is the most difficult part of 
an assignment. Once you have 
cleared this mental hurdle, your 
task will seem less overwhelming. 


Add or subtract. 
6. (7 + 4i) + (8 — 7i) 


7 (<8 = Gi) (7 1 
8, (8 + 31) — (G + 87) 


95 (5 "4 (7 an) 


Answers 


615-31 %.-12+6i 8.3—-5i 
9. 12 — 7i 
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To multiply square roots of negative real numbers, we first express them 
in terms of i. For example, 


V-2-V-5 = V-1- V2-V-1- V5 = iv2-iVv5 
Caution! = 12/10 = —V10 is correct! 


The rule VaVb = Vab holds only >But V—2 - V=5 = V(=2)(=5) = VI0_ is wrong! 
for nonnegative real numbers. 


Keeping this and the fact that i? = —1 in mind, we multiply in much the same 
way that we do with real numbers. 


) EXAMPLES Multiply. 
8. V—49- V—-16 = V-1- V49- V-1- VI16 
={°7:-i-4 
= i7(28) 
=(-1)(28) it=-1 
= —28 
9. V-3- V-7= V-1- V3: V-1- V7 
=i-V3-i-W7 
= 2-21) 
(“pv2l ==] 
= —V/21 
10. —2i- 5i = -10- 72 
=(-10)(-1) #=-1 


= 10 
11. (—4i)(3 — 5i) = (—4i) -3 — (—47)(5i) —_— Using a distributive law 
= —12i + 20/7 
= —12i + 20(-1) 2 =-1 
= —12i — 20 
= -20 - 121 
Multiply. 12. (1 + 2i)(1 + 3i) = 1+ 3i + 21+ 674 Multiplying each term of one 
10. V=25 - V—4 number by every term of the 
other (FOIL) 
i =.= =1+3i4+2i+6(-1) #®@=-1 
12. 61 - 7i ie ce 
=-5 + 5i Collecting like terms 
Bee Hes) 13. (3 — 2i)* = 37 — 2(3)(2i) + (21)? — Squaring the binomial 
14, 5i(—5 + 71) = 9 — 123+ 477 
=9- 121+ 4(-1) 2 =-1 
Nes (CL se SCL se yA) ~9-12j)-4 
16. (3 — 2i)(1 + 4i) =5=12i i 
17. (3 + 2i)? Do Exercises 10-17. ] 
Answers 


10. -10 11. —V34 = 12. 42 
13. -9- 12: 14. —35 — 257 
15. -14+ 8 16.11+10i 17.54 12i 
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(d) Powers of j 


We now want to simplify certain expressions involving powers of i. To do so, 
we first see how to simplify powers of i. Simplifying powers of i can be done 
by using the fact that i* = —1 and expressing the given power of iin terms of 
even powers, and then in terms of powers of i2. Consider the following: 


jo = j4. 


= (FP =(-1) = =1. 


( 
i= (2 = (-1)? =1, 
( 


Note that the powers of i cycle through the values i, —1, —i, and 1. 


EXAMPLES Simplify. 


14, i387 = (86.7 = (i?)!8 i= (-1)8 -i=1-i=i 

15. 198 = (i7)?9 = (-1)9 = -1 

16, (9 = j*-+7= (PF)! i= (-1)" + i= -1-i= =i 

17, (80 = (j2)40 = (-1)0 =1 ) 


| Do Exercises 18-21. 


Now let’s simplify other expressions. 


EXAMPLES Simplify to the forma + bi. 

18. 8 - #2 =8-(-1)=8+1=9 

19. 17 + 68 = 17 + 6-i-i= 17 + 6(-1)i = 17 — i 

20. i? — 677% = (i?) — 67(-1) = (-1)"' + 67 = -1 + 67 = 66 

21, j23 + j48 = (i27) -it (7)** = co ae pA ( se = ( ij -i4 ( 1)*4 
=-i+1=1-i ) 


| Do Exercises 22-25. 


(e) Conjugates and Division 


Conjugates of complex numbers are defined as follows. 


CONJUGATE 


The conjugate of a complex number a + biisa — bi, and the 
conjugate of a — biisa + bi. 


Simplify. 

18. i47 19. (68 

20. i8 21, 190 
Simplify. 

22.8- 2 23.7 + 4i2 
24. 6i!1 + 7{14 25. i34 — 795 
Answers 

18. -i 19. 1 20. i 21; —1 

22.8 —-i 23:3 24. —7 — 6i 

25. -l+i 
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| EXAMPLES Find the conjugate. 


22.5 + 7i The conjugate is 5 — 7i. 
Find the conjugate. 23. 14 — 31 The conjugate is 14 + 33. 
26. 6 + 3i op) 6) = By 24. -3-—9i  Theconjugateis —3 + 9i. 
25. 4i The conjugate is —4i. ) 


Il . 
26: ay Do Exercises 26-28. | 


When we multiply a complex number by its conjugate, we get a real 
number. 


' EXAMPLES Multiply. 


26. (5 + 7i)(5 — 7i) = 5? — (7i)? Using (A + B)(A — B) = A? — B? 
= 25 — 4972 
=25-49(-1) i2=-1 
= 25 + 49 
= 74 
27. (2 — 3i)(2 + 3i) = 22 — (3%)? 
=4- 9? 
=4-9(-1) #=-1 
Multiply. =4+9 
29. (7 — 2i)(7 + 2i) = 13 ) 
30. (—3 — i)(-3 + i) Do Exercises 29 and 30. J 


We use conjugates when dividing complex numbers. 


| EXAMPLE 28 Divide and simplify to the form a + bi: ane 
—5+9i 1+2i (-5 + 9i)(1 + 2i) Multiplying by 1 using the 
1-2 i+8 (<2) +2) Fg te 
—5 — 10i + 91 + 187? 
. 2 — 4i2 
“9474 18(<1) 
~ P= 4(=1) pes 
=§5 118 
~ +4 
—23 -1 
er ome 
231 
oe ; 


Note the similarity between the preceding example and rationalizing 
denominators. In both cases, we used the conjugate of the denominator to 
write another name for 1. In Example 28, the symbol for the number 1 was 


Answers : ; an : 
chosen using the conjugate of the divisor, 1 — 2i. 


26.6—31 27.—-94+ 51 28. i 29. 53 
30. 10 
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' EXAMPLE 29 What symbol for 1 would you use to divide? 


Division to be done Symbol for 1 
3+ 5i 4— 3i 
4+ 3i 4 — 3i } 
Bet : : . 34+ 51 
EXAMPLE 30 Divide and simplify to the form a + bi: ee 
+ 3i 
3451 4-31 (384 5%)(4 - 3i) 
: = Multiplying by 1 
A 3 4S 2 SH = 30 i a 
12 = 91 + 201 = 157 
Ae = i? 
i441? = 15(=1) Divide and simplify to the form 
= en | ae (ou, 
16 — 9(—1) Ba Di 
a7 Ud _ 27 , 1, = 
25 25 5 ) 
7 ae By 


| Do Exercises 31 and 32. 2: =i + Ay 


= Calculator Corner 


Complex Numbers We can perform operations on complex numbers on a graphing calculator. To do so, we first set the 
calculator in complex, or a + bi, mode by pressing GP, using the © and D keys to position the blinking cursor over a + bi, and then 
pressing Giigy. We press GY Ger) to go to the home screen. Now we can add, subtract, multiply, and divide complex numbers. 

To find (3 + 4/) — (7 — J), for example, we press QI JDGIVED DDO BD OD &) PD GD. 
(7 is the second operation associated with the G) key.) Note that although the parentheses around 3 + 4/ are optional, those around 7 — / 
are necessary to ensure that both parts of the second complex number are subtracted from the first number. 

To find 2 Ae and display the result using fraction notation, we press QI UV EDU PoOsovwo) 
JD QD GD © GB. Since the fraction bar acts as a grouping symbol in the original expression, the parentheses must be 
used to group the numerator and the denominator when the expression is entered in the calculator. To find V—4 - /—9, we press yp 
DOO DoD DO CP GB. Note that the calculator supplies the left parenthesis in each radicand and we 


supply the right parenthesis. The results of these operations are shown below. 


(3+4i)—(7—i) 
—445i 
(5—2i)/(—1+3i)> Frac 
~11/10—13/10i 


Vo4yV09) 
i 


15) 


Exercises: Carry out each operation. 


1. (9 + 4i) + (-11 — 133) 2. (9 + 4i) — (-11 - 131) 3. (9 + 4i) - (-11 — 133) 
4. (9 + 4i) + (-11 — 13:4) 5, V6 «4/25 6. V=23 - V—35 
4 — 5i 
rer = 8. (—3i)4 9. 0-19 — (2 + 314 
a- a 
10.0 + Bi? 


Answers 


31.21 32 eee 
. “17 #17 
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33. Determine whether —iis a 
solution of x2 + 1 = 0. 
x27 +1=0 


eS 
2 


34. Determine whether 1 — jisa 
solution of x? — 2x + 2 = 0. 
i = De 4D = 


a oe = 
2 


Answers 
33. Yes 34. Yes 


(f) Solutions of Equations 


The equation x* + 1 = 0 has no real-number solution, but it has two nonreal 
complex solutions. 


! EXAMPLE 31 Determine whether jis a solution of the equation x7+1=0. 
We substitute i for x in the equation. 


x?+1=0 
i27+120 
-1+1 

0 TRUE 


The number j is a solution. 


Do Exercise 33. 


Any equation consisting of a polynomial in one variable on one side and 
0 on the other has complex-number solutions. (Some may be real.) It is not 
always easy to find the solutions, but they always exist. 


’ EXAMPLE 32 Determine whether 1 + i is a solution of the equation 
x2-2x+2=0. 
We substitute 1 + i for x in the equation. 


4° = 24 +2=0 
(1+i%-21+i +220 
1+2i+2%—-2-2i1+2 
1+2i—1-—-2- 21+ 2 
(1-1-2+2)+(2-2)i 
0+ 0i 
0 TRUE 
The number 1 + iis asolution. 
! EXAMPLE 33 Determine whether 2/ is a solution of x2 + 3x — 4 = 0. 
x2 + 3x-4=0 
(2i)2 + 3(21) -4 20 
4i2 + 61-4 
-4+ 61-4 
—8 + 61 FALSE 
The number 2i is not a solution. ) 


Do Exercise 34. 
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EE —aeanDnaSnlEnDnDBnBS—n—n—NDS 
: For Extra Help —_— 
6.8 | MSGGe a yma) eB SS 


(a) Express in terms of i. 
1. V—35 2. V-21 3. V—-16 
5. —V-12 6. —V—20 7. V-3 

9. V-81 10. V—-27 11. V—98 

13. —V—49 14. —V-125 15. 4 — V—-60 
17. V-4 + V-12 18. —V—76 + V—125 
(b) Add or subtract and simplify. 

20. (—4 + 5i) + (7 + 3i) 


19. (7 + 2i) + (5 — 6i) 


23. (9 — i) + (—2 + 5i) 


22, (2 = si) + = 38) 


26. (—4 + 3i) -— (7 + 41) 


25. (6 — i) — (10 + 3) 


28, (-2 - 3) - (1 - 5’) 29, (9 + 5i) - (-2-#) 


8 V—-4 
12. —V-18 
16. 6 — V—84 


21. (4 — 3i) + (5 — 2i) 


24. (6 + 47) + (2 — 3i) 


27. (4 — 2%) — (5 — 33) 


30. (6 — 3i) — (2 + 4i) 
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(c) Multiply. 


21.36 Vo 32. V—16 - V—64 33..VS7 «V2 34. V—-I1- V-3 
35. —3i- 7i 36. 8i- 5i 37. —3i(—8 — 2i) 38. 4i(5 — 7i) 

39. (3 + 2i)(1 + i) 40. (4 + 3i)(2 + 5i) Al. (2 + 3i)(6 — 2i) 42. (5 + 6i)(2 — i) 
43. (6 — 5i)(3 + 4i) 44, (5 — 6i)(2 + 5i) 45. (7 — 2i)(2 — 6i) 46. (—4 + 5i)(3 — 4i) 
47. (3 — 2i)2 48. (5 — 2i)2 49. (1 + 5i)? 50. (6 + 2i)? 

51. (—2 + 3i)? 52. (—5 — 2i)? 


(d) Simplify. 


53. i? 54, it! 55. i274 56. 135 
57. i*2 58. i%4 59. i9 60. (—i)”! 
61. i6 62. (—i)4 63. (5i)3 64, (—3i)° 
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Simplify to the form a + bi. 


65. 7 + i4 


69. i2 + i4 


73.1+i+ i+ 24+ i4* 


76. V—-12 + 36i 


4+ 3i 


79. - 
3-1 


83. 


87. 


91. 


 F-, 


\ 


—— 


95. 1 — 2i; 


x2 -—2x+5=0 


66. -18 + 7° 


70. 5i° + 473 


80. 


84. 


88. 


92. 


96. 1 + 2i; 
x*-2x+5=0 


— 


~ 
fe _ Divide and simplify to the form a + bi. 


5 + 2i 
24 


3 + 8i 
5i 


8i 
6 + 3i 


5 + 3i 


67. i28 — 23: 


71.2 + i? 


mi-i2+P8-i4+2 


“341i 


) Determine whether the complex number is a solution of the equation. 


97.2+7 
x2 -4x-5=0 


— 


@ 


72. 


75.5 — V—64 


Sak ee 


82. 


86. 


90. 


94. 


98. 


68. i279 + 33: 


j84 = j100 


6 — 2i 
74+ 3i 
6 
2-1 
2. 
61 
4-—5i 
4+ 5i 
1=£ 


x2 +2x+2=0 
oe eee 


e 
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Skill Maintenance 


In each of Exercises 99-106, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


99. An expression that consists of the quotient of two polynomials, coordinates 
where the polynomial in the denominator is nonzero, is called intercepts 
a(n) expression. [5.1a| 
trinomial square 
ositive 
100. In the equation (A + B)(A — B) = A* — B?, the expression P 
A? — B? is called a(n) . (4.2d] negative 
rational 
101. When being graphed, the numbers in an ordered pair are called irrational 
[21a] proportion 
zero products 
102. Every real number has two real-number 


square roots. [6.1] difference of squares 


cross product 


103. An equality of ratios, A/B = C/D, read “A is to Bas Cis to D” is 
called a(n) . [5.6b] 


104. A(n) is a polynomial that can be expressed as a 
binomial squared. [4.6a] 


105. numbers do not have real-number square 
roots. [6.la] 


106. The principle of states that if ab = 0, then 
a= 0or b=0O(orboth). [4.8a] 


Synthesis 


1 -i 
107. A complex function gis given by 108. Evaluate when w = 0” 
4 72 w-w 
(Zz) = 
g z-1 


Find g(27), g(1 + i), andg(—1 + 2i). 


Express in terms of i. 


i I 
109. ge — V-1024) 110. 2f-2 111. 7V—64 — 9V—256 
Simplify. 
Del °6 “7 “8 . 
P+ ih + i +i 5 -— V5i 
112, ————__— 113. (1 — i)3(1 + i)8 114, ~—_—— 
(1 - i)4 ee V5i 
115 116 € i) € xi) uz. 
3 “2 2° 3 1+ 
1+ 


118. Find all numbers a for which the opposite of a is the same as the reciprocal of a. 
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Summary and Review 


Key Terms and Properties 


square of a number, p. 500 cube root, p. 504 radical equation, p. 540 

square root, p. 500 index, p. 505 complex-number system, p. 558 
principal square root, p. 500 odd root, p. 505 complex number i, p. 558 
radical symbol, p. 501 even root, p. 506 imaginary number, p. 558 
radical expression, p. 501 rationalizing the denominator, p. 535 

radicand, p. 501 conjugates, p. 537 


Va? = a; Wak =\al,whenkiseven; /a* = a, when kis odd; 
k 
Vab=Va-Vo; f8=N8, alma Vay 


b Wp’ 
amin = am = (a)m; — qumin = ae 
Principle of Powers: Ifa = bis true, thena” = b” is true. Imaginary Numbers: bi, i? = —1,b # 0 
Pythagorean Theorem: a* + b* = c?, in aright triangle. Complex Numbers: at bi,i2 = - 
b=V-l, PH=-l Pe-i, fel Conjugates: a+ bi,a— bi 


Concept Reinforcement 

Determine whether each statement is true or false. 

. For any negative number a, we have Va? = -a. [6.1al 

. For any real numbers Va and Wb, Va: Wb = “7 ab. (6.3al 

. For any real numbers Vaand WV b,VWa+ VWb= Vat b. [6.4al 
. Ifx? = 4,thenx = 2. [6.6al 


. All real numbers are complex numbers, but not every complex number 
isarealnumber. [6.8a] 


a fF WwW be = 


6. The product of a complex number and its conjugate is always a real 
number. [6.8e] 


Important Concepts 


Objective 6.1b Simplify radical expressions with perfect-square radicands. 


Example Simplify: V16x2. Practice Exercises 
V16x2 = V(4x)? = |4x| = [4] - |x| = 4]z 1. Simplify: V36y2. 
Example Simplify: Vx? — 6x + 9. 2. Simplify: Va? + 4a + 4. 


Vx? — 6x +9 = V(x - 3)? = |x - 3| 
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Y 
Objective 6.2a Write expressions with or without rational exponents, and simplify, if possible. 


Example Rewrite x!/4 without a rational exponent. Practice Exercises 
Recall that a'/” means W/a. Then 3. Rewrite z3/° without a rational exponent. 


xV/4 = Wx. 


Example Rewrite ( V 4xy*)4 with a rational exponent. 4. Rewrite (v 6ab)> with a rational exponent. 
Recall that (Wa) means a”/", Then 


(W/4xy2)4 = (Axy?)4/3, 


Objective 6.2b Write expressions without negative exponents, and simplify, if possible. 


Example Rewrite 8 2/9 with a positive exponent, and Practice Exercise 
simplify, if possible. 5. Rewrite 9-9/2 with a positive exponent, and simplify, 
1 if possible. 
Recall that a~”/” means . Then P 
qm/n 
gaa) a Cre 


Bs (ws)? 22 4 


Objective 6.2d Use rational exponents to simplify radical expressions. 


Example Use rational exponents to simplify: W/x2y?. Practice Exercise 
V gy = (xeye ys? 6. Use rational exponents to simplify: W/a®b?. 
= x2/6y4/6 
= x1/3y2/3 
=)” 


Objective 6.3a Multiply and simplify radical expressions. 


Example Multiply and simplify: V/ 6xy2W/9y. Practice Exercise 
VW 6xy2 Woy = W xy? - Oy 7. Multiply and simplify. Assume that all expressions 
= W54xy3 under radicals represent nonnegative numbers. 
= W2z7y3 - 2x V5yV30y 


= V27yW2x 
= 3yW 2x 


Objective 6.3b Divide and simplify radical expressions. 


244° 
Example Divide and simplify: ve : Practice Exercise 
x 
V20a 
V24x° [24x 8. Divi d simplify: ; 
= _ = ~ Vag = 2x2 ivide and simplify Age 
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“a 
Objective 6.4a Add or subtract with radical notation and simplify. 


Example Subtract: 5V2 — 4V8. Practice Exercise 
5V2 — 4V8 = 5V2 —-4V4-2 9. Subtract: V48 — 2V3. 
= 5V2 — 4V4V2 
= 5V2—4-2V2 =5V2 — 8V2 
= (5 — 8)V2 = -3V2 


Objective 6.4b Multiply expressions involving radicals in which some factors 
contain more than one term. 


Example Multiply: (3 = V6)(2 + 4V6). Practice Exercise 

We use FOIL: 10. Multiply: (5 - Vx). 
(3 - v6) (2 + 4v6) 

=3-2+3-4V6- V6-2- V6-4V6 

= 6+ 12V6 —- 2V6—-4-6 

= 6 + 12V6 — 2V6 — 24 

= -18 + 10V6. 


Objective 6.6a Solve radical equations with one radical term. 


Example Solve: x = Vx — 2+ 4. Practice Exercise 
First, we subtract 4 on both sides to isolate the radical. 11. Solve: 3+ Vx —1=x. 
Then we square both sides of the equation. 
x=Vx-2+4 
x-4=Vx-—2 


(x — 4)? = (Vx — 2) 
x? -— 8x +16=x-2 
x? — 9x +18=0 
(x — 3)(x — 6) =0 
x-3=0 or x-6=0 
x=3 or x=6 
We must check both possible solutions. When we do, we 
find that 6 checks, but 3 does not. Thus the solution is 6. 


Objective 6.6b Solve radical equations with two radical terms. 


Example Solve: 1 = Vx +9—- Vx. Practice Exercise 
l=Vx+9- vx 12. Solve: Vx +3 -— Vx —2=1. 
Vx+1=Vx4+9 Isolating one radical 


(vx + 1)? = (vx + 9)? Squaring both sides 
xt+2Vxt+1=x+9 
2Vx = 8 Isolating the 
remaining radical 


Vx =4 
(va)? = 4 
x= 16 


The number 16 checks. It is the solution. 


x 
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a 
Objective 6.8¢ Multiply complex numbers. 


Example Multiply: (3 — 2i)(4 + i). 
(3 — 2i)(4 + i) = 12 + 31- 81 - 27? 
= 12 + 3i — 8i — 2(-1) 
= 12+ 3i- 81+ 2 
=14-5i 


Example Divide and simplify to the form a + bi: 


5-1 
A+ 3i° 
The conjugate of the denominator is 4 — 3i, so we 
multiply by 1 using = a : 
4 — 3i 


S31 827 4231 
4+3i 4+3i 4-3i 
_ 20 — 15i — 41 + 377 


16 — 9i2 
20 — 19% + 3(-1) 
~ 16 — 9(-1) 
20 - 191-3 
ae 6 
igs iet: U7 46, 
a ae ee 


Review Exercises 


Use a calculator to approximate to three decimal places. 
[6.1a] 


963.2 
1. V778 rears 


23.68 


3. For the given function, find the indicated function 
values. [6.1a] 


f(x) = V3x= 16; f(0),f(-1),F(2), and f(}) 


4. Find the domain of the function f in Exercise 3. [6.1a] 


Using FOIL 


Practice Exercise 
13. Multiply: (2 — 5i)?. 


Objective 6.8e Find conjugates of complex numbers and divide complex numbers. 


Practice Exercise 


3 - 2i 
14. Divide and simplify to the form a + bi: we 7 
Simplify. [6.1c] 
3 1 
9. V/—1000 10. ; 2) 


11. For the given function, find the indicated function 
values. [6.1c] 


f(x) = Wx +2; f(6), f(—10), and f(25) 


Simplify. Assume that letters represent any real number. 
[6.1d] 


12, NVx10 13, —N7/(—3)8 
Simplify. Assume that letters represent any real number. 
[6.1b] 
\/e1 42 \/(—77\2 
Ba a Rewrite without rational exponents, and simplify, if possible. 
[6.2a] 
14, al/ 15. 6435/2 
7. V(6 — by? 8. Vx2 + 6x + 9 . 
NX 
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Rewrite with rational exponents. [6.2a] 


16. V31 17. Wa2b3 


Rewrite with positive exponents, and simplify, if possible. 


[6.2b] 
18. 4971/2 19. (8xy)~2/3 


20. 5a—3/4p1/2¢-2/3 21. 38 


Wt 


Use the laws of exponents to simplify. Write answers with 
positive exponents. [6.2c] 


7-1/3 
* 7-1/2 


22. (7 PP 23 


Use rational exponents to simplify. Write the answer in 
radical notation if appropriate. [6.2d] 


24, W x21 25. W/27x6 


Use rational exponents to write a single radical expression. 


[6.2d] 
26. x 1/3y 1/4 


27, WxWx 


Simplify by factoring. Assume that all expressions under 
radicals represent nonnegative numbers. [6.3a] 


28. 245 29. W/—108 


30. W/ 250a2b® 


Simplify. Assume that no radicands were formed by 
raising negative numbers to even powers. [6.3b] 


[49 3/ 64x 
31. ./— 32. ~/ —— 
36 27 
ae. 4| 16x8 
B1y!4 


Perform the indicated operations and simplify. Assume 
that no radicands were formed by raising negative 
numbers to even powers. [6.3a, b], [6.4a] 


34. V5xV3y 35. VW a°bW 27b 


ag, Woon? 


/ 10x 


36. WaW/b3 


3/2 
a 39, 
2V3 Wx 


40. 5\/x + 2x a, 2/75 = 73 


42, V/50 + 2V18 + V32 43. W/8x4 + Wxy® 


Multiply. [6.4] 
44. (V5 — 3V8)(V5 + 2v8) 


45. (1 — V7)? 


46. (W/27 — W/2)(W/27 + W2) 


Rationalize the denominator. [6.5a, b] 


8 2 
47. ./= 48, ———_— 
ig Vat+ Vb 


Solve. [6.6a, b] 


49.x-3=VW5-x 50. VWx+3=2 


Automotive Repair. For an engine with a displacement 
of 2.8 L, the function given by 

d(n) = 0.75V2.8n 
can be used to determine the diameter of the carbu- 
retor’s opening, d(n), in millimeters, where 7 is the 
number of rpm’s at which the engine achieves peak 
performance. [6.6c] 
Source: macdizzy.com 


52. # If acarburetor’s opening is 81 mm, for what number 
of rpm’s will the engine produce peak power? 


53. # Ifacarburetor’s opening is 84 mm, for what number 
of rpm’s will the engine produce peak power? 


Summary and Review: Chapter 6 573 


54, Length of a Side ofa Square. The diagonal of a square 
has length 92 cm. Find the length of a side of the 
square. [6.7a] 


55. Bookcase Width. A bookcase is 5 ft tall and has a 7-ft 
diagonal brace, as shown. How wide is the bookcase? 
[6.7a] 


In aright triangle, find the length of the side not given. Give 
an exact answer and an answer to three decimal places. 
[6.7a] 


56. a= 7, b= 24 57. a= 2, c=5V2 


58. Express in terms of i: V—25 + V—8. [6.8a] 


1. Find the domain of 
f(x) = (x + 5)¥/2(x + 7) V2 


2. asa Ronis puzzled. When he uses a graphing calcula- 
tor to graph y = Vx- VX, he gets the following screen. 
Explain why Ron did not get the complete line y = x. 
[6.1a], [6.3a] 


3. In what way(s) is collecting like radical terms the same 
as collecting like monomial terms? [6.4a] 


x 


and explain how you found your answer. [6.1a], [6.2b] 


Add or subtract. [6.8b] 


59. (-4+3i) + (2-121) 60. (4 — 71) — (3 — 8i) 


Multiply. [6.8c, d] 
61. (2 + 5i)(2 — 5i) 62, i}5 


63. (6 — 3i)(2 — i) 


Divide. [6.8e] 
—-3 + 2i 1 - 2i 


64 . 
5i Sk 


66. Graph: f(x) = Vx. [6.1a] 


67. Which of the following is a solution of 
x2+4x+5=02 [6.8f] 


A. 1-i B.1+ i 
C.2+i D.-2+ i 
Synthesis 


68. Simplify: i- i? - i3---i99 - (19°, [6.8c, d] 
69. Solve: V1llx+ V64+x=6. [6.6a] 


Understanding Through Discussion and Writing 


4. Is checking solutions of equations necessary when the 
principle of powers is used with an odd power n? Why 
or why not? [6.1d], [6.6a, b] 


5. A student incorrectly claims that 
Se V2 SEeVL Sel _ 
V18 v9 3 
How could you convince the student that a mistake has 


been made? How would you explain the correct way of 
rationalizing the denominator? [6.5a] 


2. 


6. How are conjugates of complex numbers similar to the 
conjugates used in Section 6.5? [6.8e] 
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For Extra Help 


Test & “Test Pre Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
S TEP on vb, in MymathLabl§)_, and on You) (search “BittingerinterAlgPB” and click on “Channels’). 


1. Use a calculator to approximate V 148 to three decimal places. 


2. For the given function, find the indicated function 3. Find the domain of the function f in Exercise 2. 
values. 


f(x) = V8 — 4x; f(1) and f(3) 


Simplify. Assume that letters represent any real number. 


4. V(—3q)* 5. Vx2 + 10x + 25 6. oe 


Tove ma ww (—4)10 
Rewrite without rational exponents, and simplify, if possible. Rewrite with rational exponents. 
9. 27/3 10. 323/5 1. Var I er) 


Rewrite with positive exponents, and simplify, if possible. 
13. 1000-3 14a?) theta? 


Use the laws of exponents to simplify. Write answers with positive exponents. 
29798 
* 2,92/3 


15. (x2/3y-3/4) 12/5 


Use rational exponents to simplify. Write the answer in radical notation if appropriate. Assume that no radicands were formed 
by raising negative numbers to even powers. 


1ea/xe 18. V/16x° 


Use rational exponents to write a single radical expression. 
19. a2/5pl/3 20. W/2yWy 


Simplify by factoring. Assume that no radicands were formed by raising negative numbers to even powers. 


21. V148 22. W/80 23. W24al1p}8 


Simplify. Assume that no radicands were formed by raising negative numbers to even powers. 


ee 16x5 Be 5x2 
Seal = (25 
y 36y 


Test: Chapter 6 575 


Perform the indicated operations and simplify. Assume that no radicands were formed by raising negative numbers to 
even powers. 


\/x3y4 Wane 
26. W/2xW 5y2 27. W x5y2Vxy 28. — = 29. = 
or 


30. Add: 3V128 + 2V18 + 2V32. 


Multiply. 
31. (V20 + 2V5)(V20 — 3V5) 32. (3 + Vx)? 
+ 
33. Rationalize the denominator: nee 
Say 2 
Solve. 
34. Vx—3=2 35. Vx —6 = Vx + 9-3 36. Vx-—1+3=x 
37. Length of a Side of a Square. The diagonal of a square 38. Sighting to the Horizon. A person can see 72 mi to the 
has length 72 ft. Find the length of a side of the horizon from an airplane window. How high is the 
square. airplane? Use the formula D = 1.2Vh, where Dis in 


miles and h is in feet. 


In aright triangle, find the length of the side not given. Give an exact answer and an answer to three decimal places. 


Sb a=%, b=7 MM), = Ih C= WR 
41. Express in terms of i: V—9 + V—64. Ye, Sulmevas (5 4 Gy) = (=2 ar Si), 
Multiply. 
43. (3 — 4i)(3 + 7i) Aaa 
ae =f ap ile : ar : 
45. Divide: =n 46. Determine whether 1 + 2iis a solution of 


x*+2x+5=0. 


47. Which of the following describes the solution(s) of the equation x — 4 = Vx — 22 
A. There is exactly one solution, and it is positive. B. There are one positive solution and one negative solution. 
C. There are two positive solutions. D. There is no solution. 


Synthesis 


48. Simplify: ranenal 49. Solve: V2x — 2+ V7x + 4 = V13x + 10. 
i i 
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Cumulative Review 


1-6 


Simplify. Assume that no radicands were formed by raising —=—21, [3x — 6| = 2 22. 625 = 49y2 
negative numbers to even powers. 
1, (2x2 — 3x +1) + (252 ye 
e ae =e ap ( y) 23. 3x + 5y = 30, 24, 3x + 2y- z= -7, 
5x + 3y = 34 eG War Ae =), 
DIG ce Oy, z=-l1 


6x 300 2250 


25. = 
x-5 x245x+25 x3 —- 125 
yoy 6 
4, 2+ 64 x? - 14x + 49 pe is fee 3x? Sx—- 22 —48 
"x?- 49 x?-4e+16 y2 + 3y+2 ag ae Se 
y?2+4y+4 
nE 
Xo = ,forR 2a}, Wabe se I = 2 = 8} 
IR Se Or 
A eeG 1 5 =D 
e T ae J a 
ae ae 29. 2VIl —x = V5 a0) 13 — 50) et 
Graph 
7. (y3 + 3y2-—5)+(y+2) 8 W-8x3 B ‘ 
31. f(x) = —gx +2 32. 4x — 2y = 8 
9. V16x2 — 32x + 16 10. 9V75 + 6V12 
3V5 
ll. V2xy2 - V8xy3 12, ————~ 
ee - V6 -— V3 
m2n24 
12, 4 14, 62/9 . 62/3 
3 A 62/9 - 6 
(Ge p= @= an le 
: “6+ 5i 
Solve 
1 3 4 1 
I, at ee = 18. M = —=(c — 3), f 
7 * 10” 5 8 3 (¢ 3), for c 
19.3a-4<10+5a 20. -8<x+2<15 
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35,80) = 4 = a= 2 36. f(x) = |x + 4| Solve. 
49. Harvesting Time. One combine can harvest a field in 


“ae a 3 hr. Another combine can harvest the same field in 
Diner ce ea a 1.5 hr. How long should it take them to harvest the 
Pe ee ie oe ee field together? 
2 ta 
— — 5 > — 
ee ee ee 
i a) et Eons 
3) ea See peter 
£4)... ee. 
i5I. AS 
4 
87. g(x) = 7 Kt: a @0 a eno 
ZN VA 
Bf 5 
fy hee 
3 EBL. 
2 m2 
7 ee peop defn =o 50. Warning Dye. A warning dye is used by people in 
22a, ieoepsaeae ia Seo, ioe lifeboats to aid search planes. The volume Vof the dye 
oe ie ae lee used varies directly as the square of the diameter d of 
Lal es ee Cee te the circular area formed by the dye in the water. If 4 L 
Soe ad oa aS | = of dye is required for a 10-m wide circle, how much dye 
el eg eee eos ceca a : pee is needed for a 40-m wide circle? 
ety 51. Rewrite with rational exponents: V/xy*. 
39. 12x2y2 — 30xy3 40. 3x2 — 17x — 28 i 
[Nee B. (xy*)° 
41. y* — y — 132 42. 27y3 + 8 iy) 
j ; C. (xy) D. (xy4)'/ 
43. 4x? — 625 
52. A grain bin can be filled in 3 hr if the grain enters 
Find the domain and the range of each function. through spout A alone or in 15 hr if the grain enters 
44. yA 45. yh through spout B alone. If grain is entering through 
ee ae oF i both spouts at the same time, how many hours will it 
4 See ie take to fill the bin? 
ae) ee BR ee Salata tr A. 3 hr B. 9 hr 
sell mie C. La |e D. 105 hr 
Sas 12346 % Sse flies4a ss 
: 12, : E Pee ee oe eee eeezen ane 
oll. i ee 53. Divide: (x3 — x? + 2x + 4) + (x — 3). 
Pee Cea. A. x2+2x+8,R-28 B.x2+2x-4,R-8 
Bp ee eee eo ee ea 


46. Find the slope and the y-intercept of the line 


3x — 2y = 8. 54, Solve: 2x + 6=8 + V5x + 1. 
A. 5 B3 
47. Find an equation for the line perpendicular to the line G.354 D. 4,3 


3x — y = 5and passing through (1, 4). 


48. Triangle Area. The height h of triangles of fixed Synthesis 
area varies inversely as the base b. Suppose the height 
is 100 ft when the base is 20 ft. Find the height when Ba Sole ee Looe 
the base is 16 ft. What is the fixed area? se Waeap Ih 
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CHAPTER 


Quadratic Equations 
and Functions 


7.1 The Basics of Solving 
Quadratic Equations 


7.2 The Quadratic Formula 


7.3 Applications Involving 
Quadratic Equations 


TRANSLATING FOR SUCCESS 

7.4 More on Quadratic Equations = 

MID-CHAPTER REVIEW = 

7.5 Graphing f(x) = a(x — h)? +k = 


7.6 Graphing f(x) = ax* + bx + 
VISUALIZING FOR SUCCESS 


7.7 Mathematical Modeling 
with Quadratic Functions 


7.8 Polynomial Inequalities and 
Rational Inequalities 


SUMMARY AND REVIEW 
TEST 
CUMULATIVE REVIEW 


Real-World Application 


Canoes are deepest at the middle of the center line, with the depth decreasing to zero 
at the edges. Lou and Jen own a company that specializes in producing custom 
canoes. A customer provided suggested guidelines for measures of the depths D, in 
inches, along the center line of the canoe at distances x, in inches, from the edge. The 
measures are listed in a table on p. 647. Make a scatterplot of the data and decide 
whether the data seem to fit a quadratic function. Use data points to find a quadratic 
function that fits the data and use the function to estimate the depth of the canoe 

10 in. from the edge along the center line. 


This problem appears as Example 7 in Section 7.7. 
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SKILL TO REVIEW 
Objective 4.8a: Solve quadratic 
and other polynomial equations by 
first factoring and then using the 
principle of zero products. 


Solve. 
1. x2 + 6x — 16 =0 
2. 6x2 — 13x -5 =0 


1. Consider solving the equation 
x? — 6x+8=0. 
Below is the graph of 
f(x) = x? - 6x + 8. 


f(x) =x? -6x +8 


a) What are the x-intercepts of 
the graph? 

b) What are the solutions of 
x* — 6x + 8 = 0? 

c) What relationship exists 
between the answers to 
parts (a) and (b)? 


Answers 


Answers to Skill to Review Exercises 1 and 2 
and Margin Exercise 1 are on p. 581. 


x Algebraic-Graphical Connection 


Let’s reexamine the graphical connections to the algebraic equation- 
solving concepts we have studied before. 
In Chapter 2, we introduced the graph of a quadratic function: 


f(x) = ax*+ bx+c, a#0. 


For example, the graph of the function f(x) = x2 + 6x + 8 and its 
x-intercepts are shown below. 


fO=x?+6x+8 Yh The x-intercepts are (—4, 0) and 

ac (—2, 0). These pairs are also the points 

T of intersection of the graphs of 

37 f(x) = x2 + 6x + Band g(x) = 0 (the 
x-axis). We will analyze the graphs of 

poy quadratic functions in greater detail in 

1,412.3 * — Sections 7.5-7.7. 


{ 
T 
-7-6-5 


x-intercepts: 
(—4, 0), (—2, 0) 


In Chapter 4, we solved quadratic equations like x* + 6x + 8 = 0 
using factoring, as here: 
x? + 6x+8=0 
(x + 4)(x + 2) =0 Factoring 


x+4=0 or x+2=0 Using the principle of 
zero products 


x=-4 or x= =2, 
We see that the solutions of x2 + 6x + 8 = 0, —4 and —2, are the first 


coordinates of the x-intercepts, (—4, 0) and (—2, 0), of the graph of 
f(x) = x2 + 6x + 8. 


x 


Do Margin Exercise 1. J 


We now extend our ability to solve quadratic equations. 


(a) The Principle of Square Roots 


The quadratic equation 
5x? + 8x —2=0 

is said to be in standard form. The quadratic equation 
5x? = 2 — 8x 


is equivalent to the preceding equation, but it is not in standard form. 
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QUADRATIC EQUATION 


An equation of the type ax + bx + c = 0, where a, b, and care real- 
number constants and a > 0, is called the standard form of a 
quadratic equation. 


To find the standard form of the quadratic equation —5x?2 + 4x — 7 = 0, 
we find an equivalent equation by multiplying by —1 on both sides: 


1(-—5x? + 4x — 7) = -1(0) 
5x* — 4x +7 = 0. Writing in standard form 


In Section 4.8, we studied the use of factoring and the principle of zero 
products to solve certain quadratic equations. Let’s review that procedure 
and introduce a new one. 

EXAMPLE 1 
a) Solve: x” = 25. 
b) Find the x-intercepts of f(x) = x? — 25. 


a) We first find standard form and then factor: 


x*- 25=0 Subtracting 25 bay) Sere oS 1a 
(x — 5)(x +5) =0 Factoring b) Find the x-intercepts of 
x-5=0 or x+5=0 _ Using the principle of zero products f(a) = = le, 
x=5 or x=-5. 


The solutions are 5 and —5. 
b) The x-intercepts of f(x) = x2 — 25 are (—5, 0) al 
and (5, 0). The solutions of the equation | 
x? = 25 are the first coordinates of the 
x-intercepts of the graph of f(x) = x? — 25. 


f()=x?-16 


3. a) Solve: 4x2 + 14x = 0. 


247 f(x) = x? - 25 b) Find the x-intercepts of 
f(x) = 4x2 + 14x. 


) 
EXAMPLE 2 Solve: 6x” — 15x = 0. 
We factor and use the principle of zero 
products: 
6x? — 15x = 0 
3x(2x — 5) = 0 fx) = 4x? + 14x 
3x=0 or 2x-5=0 [ 
x=0 or 2x=5 Tf) = 6x? - 15x 
5 Answers 
x=0 or X= 35. ; ; 
Skill to Review: 
The solutions are 0 and 3. The check is left to the student. ) i, 6S Hohe 
3/2 


| Do Exercises 2 and 3. Margin Exercises: 
1. (a) (2,0), (4, 0); (b) 2, 4; (©) The solutions of 


x? — 6x + 8 = 0, 2 and 4, are the first coordi- 
nates of the x-intercepts, (2, 0) and (4, 0), of 
the graph of f(x) = x2 — 6x + 8. 

2. (a) 4 and —4; (b) (—4, 0), (4, 0) 

3. (a) 0, —% (b) (—4, 0), (0, 0) 
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4. a) Solve: 5x* = 8x — 3. 


b) Find the x-intercepts of 
f(x) = 5x” -— 8x + 3. 


Answer 


3 
4. fel (b) 


582 


f(x) = 5x? —8x +3 


(3.0), (1, 0) 


CHAPTER 7 


| EXAMPLE 3 


a) Solve: 3x2 =2—~x. 


b) Find the x-intercepts of f(x) = 3x? + x — 2. 


a) We first find standard form. Then we factor and use the principle of zero 


products. 
3x* =2-—x 
3x2+x-2=0 


(x + 1) (3x — 2) =0 
x+1=0 or 3x-2=0 


x=-1 or 


ies) 
ta 
ll 
WIN Po 


x=-1 or x= 


Check: For —1: 
3x2 =2-—x 
3(-1)* 2? 2 - (-1) 
3-1 ]2-4+1 
3.13 TRUE 


The solutions are —1 and z. 


b) The x-intercepts of f(x) = 3x2 + x — 2 


are (—1, 0) and (3, 0). The solutions 
of the equation 3x* = 2 — x are the 
first coordinates of the x-intercepts 

of the graph of f(x) = 3x2 + x — 2. 


Do Exercise 4. 


Adding x and subtracting 2 to 
get the standard form 


Factoring 


Using the principle of 
zero products 


TRUE 


if f@ = 3x7 +x-2 


Solving Equations of the Type x* = d 


Consider the equation x? = 25 again. We know from Chapter 6 that the num- 
ber 25 has two real-number square roots, namely, 5 and —5. Note that these 
are the solutions of the equation in Example 1. This exemplifies the principle 
of square roots, which provides a quick method for solving equations of the 


type x* = d. 


THE PRINCIPLE OF SQUARE ROOTS 


The solutions of the equation x* = dare Vdand -Vd. 


When d > 0, the solutions are two real numbers. 


When d = 0, the only solution is 0. 


When d < 0, the solutions are two imaginary numbers. 


Quadratic Equations and Functions 


' EXAMPLE 4 Solve: 3x2 = 6. Give the exact solutions and approximate 
the solutions to three decimal places. 


TRUE 


We have 
3x2 = 
x2=2 
x= V2 or x=-Vv2. 
We often use the symbol + V2 to represent both 
of the solutions. 
Check: For V2: For — V2: 
3x2 =6 3x2 =6 
3(V2)? 2 6 3(-v2)? 2? 6 
3-2 3°2 
6 TRUE 6 


f(x) =3x?-6 


The solutions are V2 and — V2, or + V2, which are about 1.414 and —1.414, 
or + 1.414, when rounded to three decimal places. 


Do Exercise 5. 


Sometimes we rationalize denominators to simplify answers. 


’ EXAMPLE 5 Solve: —5x* + 2 = 0. Give the exact solutions and approxi- 
mate the solutions to three decimal places. 


—§%2 +2 = 
2 
xe= = 
2 2 
x=? or x=—/e 
2.5 2 9 
xae5 oo X= E'S 
x= or x= 


Check: We check both numbers at once, 
since there is no x-term in the equation. 
We could have checked both numbers 

at once in Example 4 as well. 


Subtracting 2 and 


dividing by —5 


Using the principle 
of square roots 


Rationalizing the 


denominators 


—5x7 + 2=0 
il 2 
(DF 20 
5 
10 
—5| —]+2 
(35) 
=2+2 
0 TRUE 
The solutions are and ~, or + = 
approximations: 
Vi 
ee = +0.632. 


V10 4 V10 0 
5’ 5’ 
HH H+ 


f(x) = —5x7 +2 


. We can use a calculator for 
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5. Solve: 5x? = 15. Give the exact 
solution and approximate the 
solutions to three decimal 
places. 


Answer 


5. V3 and -V3, or V3; 
1.732 and —1.732, or 1.732 


583 


6. Solve: —3x? + 8 = 0. Give the 
exact solution and approximate 
the solutions to three decimal 
places. 


( Calculator Corner 


Imaginary Solutions 
of Quadratic Equations 
What happens when you use the ZERO 
feature to solve the equation in 
Example 6? Explain why this happens. 


7. Solve: 2x2 + 1 = 0. 


8. a) Solve: (x — 1)? = 5. 
b) Find the x-intercepts of 


OS Wes, 


f@)=@-1)?-5 


Answers 


: Sand “ Gene 6 1 633 and 
“3 Ze ag 
—1.633, or +1.633 7. Me; and 2, or 


2M; 8. (a) 1 + V5; (b) (1 — V5,0), 


(1 + V5,0) 


6 


Do Exercise 6. | 


Sometimes we get solutions that are imaginary numbers. 


| EXAMPLE 6 Solve: 4x2 + 9 = 0. 


4x2 +9=0 


Subtracting 9 and dividing by 4 


_9 9 — 
x= ‘ —-— or x= -| =a Using the principle of square roots 


4 4 
3 3 
x= or x=-—7zi Simplifying 
2 2 
Check: 4x27 +9=0 
3 \2 
a( >i) +920 
2 
9 4 
4 “ay? q 8) f(x) = 4x? +9 
=9 49 4+ No x-intercepts 
0 TRUE or 


The solutions are }i and — }i, or +3i. 

We see that the graph of f(x) = 4x? + 9 does not cross the x-axis. This is 
true because the equation 4x? + 9 = 0 has imaginary complex-number 
solutions. Only real-number solutions correspond to x-intercepts. 


Do Exercise 7. 


Solving Equations of the Type (x + c)? = d 


The equation (x — 2)* = 7 can also be solved using the principle of square 
roots. 
EXAMPLE 7 


a) Solve: (x — 2)* = 7. 
b) Find the x-intercepts of f(x) = (x — 2)* — 7. 


a) We have 
(x — 2)? =7 
x-2=v7 or x-2=-V7 Using the principle of square roots 
x=2+ V7 or x=2- V7. 
The solutions are 2 + V7 and 2 — V7, or 
24 V7. 
b) The x-intercepts of f(x) = (x — 2)* — 7 are 
(2 — V7,0) and (2 + V7,0). 


Tf) = (x- 2)? -7 


Do Exercise 8. 
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If we can express the left side of an equation as the square of a binomial, 
we can proceed as we did in Example 7. 


EXAMPLE 8 Solve: x? + 6x + 9 = 2. 


We have 
x? + 6x+9=2 The left side is the square of a binomial. 
(x + 3)* =2 
x+3= V2 or x+3=-V2 _ Using the principle of square roots 
x=-3+ V2 or x= =-3 - V2. 
The solutions are —3 + V2 and —3 — V2, or -3 + V2. 


Do Exercise 9. 9. Solve: x? + 16x + 64 = 11. 
(b) Completing the Square 


We can solve quadratic equations like 3x? = 6 and (x — 2)* = 7 by using 
the principle of square roots. We can also solve an equation such as 
x2 + 6x + 9 = 2 in like manner because the expression on the left side is 
the square of a binomial, (x + 3)*. This second procedure is the basis for a 
method called completing the square. It can be used to solve any quadratic 
equation. 

Suppose we have the following quadratic equation: 


x2 + 14x = 4, 


If we could add on both sides of the equation a constant that would make the 
expression on the left the square of a binomial, we could then solve the equa- 
tion using the principle of square roots. 

How can we determine what to add to x? + 14x to construct the square 
of a binomial? We want to find a number a such that the following equation is 
satisfied: 


x2 + 14x + a® = (x + a) (x + a) = x? + 2ax + a. 


Thus, a is such that 2a = 14. Solving, we get a = 7. That is, a is half of the 
coefficient of x in x? + 14x. Since a” = (4)? = 7% = 49, we add 49 to our 
original expression: 


x? + 14x + 49 is the square of x + 7; 


that is, 


x? + 14x + 49 = (x + 7). 


COMPLETING THE SQUARE 

When solving an equation, to complete the square of an expression 
like x* + bx, we take half the x-coefficient, which is b/2, and square it. 
Then we add that number, (b/2)?, on both sides of the equation. 


Answer 
9. -8 + VII 
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Solve. 
10. x2 + 6x + 8=0 


11. x2 — 8x - 20=0 


12. Solve by completing the square: 
eae Ge = 1 = 0. 


Answers 
10. -2,-4 11. 10,-2 12. -3+ V/10 


Returning to solving our original equation, we first add 49 on both sides 
to complete the square on the left. Then we solve: 


x2 + 14x =A Original equation 
x2 + 14x+49=4+49 Adding 49: (4)? = 7? = 49 
(x + 7)* = 53 
x+7= V53 or x+7=-V53 Using the principle 
of square roots 


x=-7+ V53 or x= —-7—- V53. 


The solutions are —7 + V53. 

We have seen that a quadratic equation (x + c)* = dcan be solved using 
the principle of square roots. Any equation, such as x? — 6x + 8 = 0, canbe 
put in this form by completing the square. Then we can solve as before. 


EXAMPLE 9 Solve: x2 — 6x + 8=0. 


We have 
x? —-6x+8=0 
x? — 6x = -8. Subtracting 8 


We take half of —6 and square it, to get 9. Then we add 9 on both sides of the 
equation. This makes the left side the square of a binomial, x — 3. We have 
now completed the square. 


x? -6x+9=-8+9 Adding 9: (5°)* = (-3)? = 9 
(x — 3)? =1 
x-3=1 0r x-3=-1 Using the principle of square roots 
x=4 or x=2 
The solutions are 2 and 4. ) 


Do Exercises 10 and 11. 


| EXAMPLE 10 Solve x? + 4x — 7 = 0 bycompleting the square. 


We have 
x® + 4x-7=0 
x? + Ax 7 Adding 7 
x2 +4x+4=7+4 <Adding4: (3)? = (2)? =4 
(4 +2)? = 11 
x+2=VI1 or x+2=-VII1 Using the principle of 


square roots 


x=-2+V11 or x=-2- Vi11. 
The solutions are—2 + V 11. ) 


Do Exercise 12. 
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When the coefficient of x” is not 1, we can make it 1, as shown in the 


following example. 


{| EXAMPLE 11 


We have 
3x2 + 7x = 2 
1 1 
3x2 + 7x) =—-2 
3 | ) 3 
? 2 
2° tes Se 
eS ae 3 
ele 822.2 
3° 36 «3~t«886 


7 73 7 
x+e = a6 OF te 
6 6 6 
x= are or x= 
6 6 
The solutions are i + = 


f(x) = 3x7 + Ix —2 y 


Solve 3x2 + 7x = 2 by completing the square. 


Multiplying by + to make the 
x?-coefficient 1 


Multiplying and simplifying 


_ 49 |1 7/2 49 
Adding 55: E : Z| 36 


Finding a common denominator 


73‘ Using the principle of 
36s square roots 


TH 7 
H-i+ 6 0} 
6 


| Do Exercises 13 and 14. 


Solve by completing the square. 
1327-0 6115 


14. 3x2 — 2x =7 


Answers 
3. VI9 1 V22 
ee ae 1454-3 
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STUDY TIPS 


WRITING ALL THE STEPS 


Take the time to include all the 
steps when doing your homework. 
Doing so will help you organize 
your thinking and avoid computa- 
tional errors. If you get a wrong 
answer, being able to see all the 
steps allows easier checking of 
your work. It will also give you 
complete, step-by-step solutions 
of the exercises that can be used to 
study for an exam. 


15. Solve by completing the square: 


3x2 = 2x — 1. 
Answer 
1 v2, 
15. 3 os 32 
588 CHAPTER 7 


| EXAMPLE 12 Solve 2x? = 3x — 7 by completing the square. 


2x2 = 3x —7 
2x2 — 3x = -7 Subtracting 3x 
1 1 Multiplying by 3 to make the 
2x2 a5 plying by 5 
2 en 38) 2 ae x?-coefficient 1 
» 3 7 se teas eee ae 
0 eo 3% aaa Multiplying and simplifying 
S 9 7. 9 of 3) 3 \°: 9 
é +—= Addi 
OSS oe 3( 5) | 3] 16 
2 
(« >) = as 2 Finding a common denominator 
4 16 «16 
( 7 2) eres 
4) ~ 16 
_ 3 = \-2 ae am 3 _ -/-# Using the principle 
4 16 4 16 of square roots 
3. VA7 3 47 
2s. . a ==; 
x- 4 a" or x— 4 z Vv i 
3. VA7, 3 VA7, 
x=—+ i or x=—- i 
4 4 4 4 
3 47 
The soluti 7, 
e solutions are ri a! 


+ f(x) = 2x? - 3x47 
No x-intercepts 


We see that the graph of f(x) = 2x — 3x + 7 does not cross the x-axis. 
This is true because the equation 2x* = 3x — 7 has nonreal complex-number 


solutions. 


Do Exercise 15. 


SOLVING BY COMPLETING THE SQUARE 
To solve an equation ax* + bx + c = 0 by completing the square: 


1. 
2. 


Ifa # 1, multiply by 1/a so that the x?-coefficient is 1. 


If the x*-coefficient is 1, add or subtract so that the equation is in 
the form 


x2+ bx =-c, or x2 + 7x = —< if step (1) has been applied. 


. Take half of the x-coefficient and square it. Add the result on both 


sides of the equation. 


. Express the side with the variables as the square of a binomial. 
. Use the principle of square roots and complete the solution. 


Completing the square provides a base for proving the quadratic formula 
in Section 7.2 and for our work with conic sections in Chapter 9. 


Quadratic Equations and Functions 


(c) Applications and Problem Solving 


) EXAMPLE 13° HangTime. One of the most exciting plays in basketball is 
the dunk shot. The amount of time T that passes from the moment a player 
leaves the ground, goes up, makes the shot, and arrives back on the ground is 
called hang time. A function relating an athlete’s vertical leap V, in inches, to 
hang time T, in seconds, is given by 


V(T) = 48T?. 


a) Hall-of-Famer Michael Jordan had a hang time of about 0.889 sec. What 
was his vertical leap? 


b) Although his height is only 5 ft 7 in., Spud Webb, formerly of the Sacramento 16. Vertical Leap. Larry Bird, cur- 
Kings, had a vertical leap of about 44 in. What was his hang time? rently President of Basketball 
Source: www.vertcoach.com/highest-vertical-leap.html Operations for the Indiana Pac- 


ers, played for the Boston Celtics 
from 1979 though 1992. He had 
a hang time of about 0.764 sec. 
What was his vertical leap? 


a) To find Jordan’s vertical leap, we substitute 0.889 for Tin the function and 
compute V: 


V(0.889) = 48(0.889)2 ~ 37.9 in. 


Jordan's vertical leap was about 37.9 in. Surprisingly, Jordan did not 
have the vertical leap most fans would expect. 


b) To find Webb's hang time, we substitute 44 for Vand solve for T: 
44 = 48T? Substituting 44 for V 


* = Solving for T? 
0.916 = T? 
0.916 = T Hang time is positive. 
0.957 = T. Using a calculator 
Webb's hang time was 0.957 sec. Note that his hang time was greater than 17. HangTime. Vince Carter of 
Jordan's. the Orlando Magic has a vertical 


leap of 43 in. What is his hang 


| Do Exercises 16 and 17. time? 


Answers 
16. About 28in. 17. About 0.946 sec 
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a a 
7.1 | Exercise Set 


@) 


For Extra Help 


J Mathiyp A G == [A 
MyMathLab oe WATCH DOWNLOAD READ REVIEW 


1. a) Solve: 2. a) Solve: 3. a) Solve: 4. a) Solve: 
6x? = 30. 5x? = 35, 9x? + 25 = 0. 36x2 + 49 = 0. 
b) Find the b) Find the b) Find the b) Find the 
x-intercepts of x-intercepts of x-intercepts of x-intercepts of 
f(x) = 6x? — 30. f(x) = 5x? -— 35. f(x) = 9x? + 25. f(x) = 36x? + 49. 


F(x) = 5x” — 35 , 


-307 f(x) = 6x? — 30 


Solve. Give the exact solution and approximate solutions to three decimal places, when appropriate. 


5. 2x* - 3 =0 6. 3x* -7=0 7. (x + 2)? = 49 8. (x — 1)* =6 

9. (x — 4)? = 16 10. (x + 3)? =9 11. (x -— 11)2 =7 12. (x — 9)* = 34 

13. (x — 7)% = -4 14, (x + 1)? = -9 15. (x — 9)* = 81 16. (t — 2)? = 25 

17. (x - 3)? = 18. (y +3)? =# 19. x2 + 6x +9 = 64 

20. x? + 10x + 25 = 100 21. y? - 14y+ 49 =4 22. p? —- 8p + 16=1 

(b) Solve by completing the square. Show your work. 

23. x2 + 4x = 2 24. x7 + 2x =5 25. x? — 22x = 11 26. x* — 18x = 10 

27.x%7+x=1 28. x7 -—x=3 29. 12 -5t=7 30. y2 + 9y=8 

31. x2 + 3x = 3 32. x2 — $x =§ 33. m? — 3m = 3 34, r7+2r=3 z 

35. x2 + 6x — 16 = 0 36. x2 — 8x + 15 =0 5 
= 
= 
Q 
8 
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37. x2 + 22x + 102 = 0 38. x2 + 18x + 74 =0 
41. a) Solve: 42. a) Solve: 
x*+7x-—2=0. x*-—7x—-2=0. 


b) Find the 
x-intercepts of 
f(x) = x? + 7x -— 2. 


b) Find the 
x-intercepts of 
f(x) = x* — 7x - 2. 


fg 
f(x) =x? + 7x-2 


T f(x) = x? — 7x — 2 


Solve by completing the square. Show your work. 


45. x2 -3x-5=0 46. x2 + $x-—2=0 


50. 3x2 + 4x - 3 =0 


49. 3x2 — 4x -1=0 


53. x2 — 4x + 13 =0 54. x2 - 6x + 13 = 0 


39. x7 —- 10x --4=0 


43. a) Solve: 
2x* — 5x +8=0. 
b) Find the 
x-intercepts of 
f(x) = 2x? — 5x + 8. 


47 f(x) = 2x? — 5x48 


47. 2x? — 3x - 17 = 0 


5l.x7+x+2=0 


40. x2 + 10x-4=0 


44. a) Solve: 
2x* — 3x +9=0. 
b) Find the 
x-intercepts of 
f(x) = 2x? — 3x 4+ 9. 


48. 2x2 + 3x -1=0 


52. x7 -x+1=0 


‘ 
(c) HangTime. For Exercises 55 and 56, use the hang-time function V(T) = 48T?, relating vertical leap to hang time. 


55. The NBAs Shaquille O’Neal, of the Cleveland Cavaliers, 
has a vertical leap of about 32 in. What is his hang time? 


56. The NBA’ Antonio McDyess, of the San Antonio Spurs, 
has a vertical leap of 42 in. What is his hang time? 
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Free-Falling Objects. The function s(t) = 16t? is used to approximate the distance s, in feet, that an object falls freely from rest 
in tseconds. Use the formula for Exercises 57-60. 


57. Reaching 745 ft above the water, the towers of 58. Suspended 1053 ft above the water, the bridge over 
California’s Golden Gate Bridge are the world’s tallest Colorado’s Royal Gorge is the world’s highest bridge. 
bridge towers. How long would it take an object to fall How long would it take an object to fall freely from 
freely from the top? the bridge? 

59. The Washington Monument, near the west end of the 60. The Gateway Arch in St. Louis is 640 ft high. How long 
National Mall in Washington, D.C., is the world’s tallest would it take an object to fall freely from the top? 


stone structure and the world’s tallest obelisk. It is 
555.427 ft tall. How long would it take an object to fall 
freely from the top of the monument? 


61. The Millau viaduct is part of the E11 expressway 62. Completed in 2009, the Burj Dubai, in downtown Dubai, 
connecting Paris and Barcelona. The viaduct has the is the tallest free-standing structure in the world. It is 
tallest piers ever constructed. The tallest pier is 804 ft 2684 ft tall. How long would it take an object to fall freely 
high. How long would it take an object to fall freely from from the top? 
the viaduct? 


— 


Skill Maintenance 


63. Record Births. The following table lists data regarding a) Use the two data points to find a linear function 
the number of births in the United States in 1930 and in B(t) = mt + bthat fits the data. 
2007. [2.6e] b) Use the function to estimate the number of births in 
2012. 
NUMBER OF YEARS NUMBER OF BIRTHS IN THE c) In what year will there be 4.5 million births? 


SINCE 1930 UNITED STATES (in millions) 


Source: National Center for Health Statistics 
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Graph. [2.2c], [2.5a] 
64. f(x) = 5 — 2x? 


nN yr 
% 6 
4 4 
2 2 
> 
-6 i-4 i-2 2.4.5.6% -6 -4 -2 254 5 6% 
-2 +9 
-4 —4 
-6 -6 


68. Simplify: V88. [6.3a] 


Solve. [6.6a, b] 
70. V5x —-4+ V13—x=7 


72. V7x —5 = V4x+7 


Synthesis 


74, IES Usea graphing calculator to solve each of the 
following equations. 


a) 25.55x2 — 1635.2 = 0 
b) —0.0644x2 + 0.0936x + 4.56 = 0 
c) 2.101x + 3.121 = 0.97x2 


Find b such that the trinomial is a square. 
76. x2 + bx + 75 


80. Boating. A barge anda fishing boat leave a dock at the 
same time, traveling at right angles to each other. The 
barge travels 7 km/h slower than the fishing boat. After 
4 hr, the boats are 68 km apart. Find the speed of each 
vessel. 


66. 2x — 5y = 10 67. f(x) = |5 — 2x 


2, 
69. Rationalize the denominator: ne [6.5a] 


71. V4x —-4= Vx+441 


73. -35 = V2x4+5 


75. avi Problems such as those in Exercises 17, 21, and 25 


can be solved without first finding standard form by 
using the INTERSECT feature on a graphing calculator. We 
let y; = the left side of the equation and y2 = the right 
side. Use a graphing calculator to solve Exercises 17, 21, 
and 25 in this manner. 


77. x2 + bx + 64 


79. x(2x2 + 9x — 56) (3x + 10) =0 


oe <s 
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SKILL TO REVIEW 
Objective 6.8a: Express imaginary 
numbers as bi, where b is a nonzero 
real number, and complex numbers 
as a+ bi, where a and b are real 
numbers. 


Express in terms of i. 


1. V—100 
2. 10 — V-68 


Answers 


Skill to Review: 
1. 107 2. 10 — 2V17i 


There are at least two reasons for learning to complete the square. One is to 
enhance your ability to graph certain equations that are needed to solve 
problems in Section 7.7. The other is to prove a general formula for solving 
quadratic equations. 


(a) Solving Using the Quadratic Formula 


Each time you solve by completing the square, the procedure is the same. 
When we do the same kind of procedure many times, we look for a formula to 
speed up our work. Consider 


ax*+ bx +c=0, a>O. 
Note that if a < 0, we can get an equivalent form with a > 0 by first multiply- 
ing by —1. 
Let’s solve by completing the square. As we carry out the steps, compare 
them with Example 12 in the preceding section. 


b c 1 
2 —_ . : 
x*+—-—x+—=0 Multipl by = 
a a wes S 
x? + ee —— Subtracting © 
a a a 


b, b Me b? : 
Half of — is [—. The square is —_,. We add —; on both sides: 
a 2a 4a 4a 


2 2 2 
x? + ES eee Mie 
a 4a? 


4ac rs b? Factoring the left side and finding a 
daz  4a2 common denominator on the right 


2a 4a? 
b 2 _ 2 _ P ae 
Peet ee b* — 4Aac fee iets as ne b 4ac_ Using the principle 
2a 4a2 2a 4a2 of square roots 


Since a > 0, V 4a“ = 2a, so we can simplify as follows: 


b Vb? — Aac b Vb? — Aac 
x+—= or x+—= ; 
2a 2a 2a 2a 
Thus, 
b = Vb? — 4ac —b + Vb? — 4ac 
x= + , oo x= : 
2a 2a 2a 


We now have the following. 


THE QUADRATIC FORMULA 


The solutions of ax* + bx + c = Oare given by 


ve et Vb? — 4ac 


2a 
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The formula also holds when a < 0. A similar proof would show this, but 


we will not consider it here. 


% Algebraic-Graphical Connection 


The Quadratic Formula (Algebraic). The solutions of ax? + bx + c = 0, 


a # 0, are given by 


7 —b + Vb2 — 4ac 


2a 


The Quadratic Formula 
(Graphical). 

The x-intercepts of the 
graph of the function 
f(x) = ax? + bx +c, 

a # 0, if they exist, are 


x 
given by ‘ 
—b + Vb? — 4ac j=t= eae Vb? = 4ac 0 Ae Vb* — 4ac 0} 
2a , 0}. 2a : 2a : 
SG 
EXAMPLE 1 Solve 5x* + 8x = —3 using the quadratic formula. 
We first find standard form and determine a, b, and c: 
5x2 + 8x +3 =0; 
a=5, b=8, c=3. 
We then use the quadratic formula: 
e —btvV b2 — Aac 
7 2a 
-8+ V8? -—4-5-3 oak 
= 0.5 Substituting 
—8 + V64 — 60 
a= 10 Be sure to write the fraction 
84 <a bar all the way across. 
“10 
a -8+2 
10 
—8+2 —8-2 2 
= = = 5x7 + 8x43 
x i (OO 10 DS See 
x= i or x= a 
10 10 
\ mae 
: 1 (-1 0). aaa 
C= SS = =], =: pera 
5 or x ay 
wat 
The solutions are —? and —1. Tq 
) 


y f(x) = ax? + bx +6, 
a>0 


STUDY TIPS 


REGISTERING FOR 
FUTURE COURSES 


As you sign up for the next session’s 
courses, evaluate your work and 
family commitments. Talk with 
instructors and other students to 
estimate how demanding the 
courses are before registering. It is 
better to take one fewer course 
than one too many. 
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1. Consider the equation 
Dig i Ae ire 


a) Solve using the quadratic 
formula. 


b) Solve by factoring. 


( Calculator Corner 


Approximating 
Solutions of Quadratic 
Equations In Example 2, we find 
that the solutions of the equation 


44+ V3 
5x2 — 8x = sare4 1 MF ang 
4-— V31 
a We can use a calculator 


to approximate these solutions. To 


. 44+ V3 
approximate , We press 


DOUOVOOVU SP 
QD IH GB. 10 approximate 


4- V3 
= we press OID 


WOVSBIOD OD. 


We see that the solutions are 
approximately 1.914 and —0.314. 


Exercises: Use a calculator to 
approximate the solutions in 
each of the following. Round to 
three decimal places. 


1. Example 4 
2. Margin Exercise 2 
3. Margin Exercise 4 


X 


Answer 
1. (a) 3,4; (b) -3,4 
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It turns out that we could have solved the equation in Example 1 more 
easily by factoring, as follows: 
5x? + 84+ 3 =0 
(5x + 3)(x + 1) =0 


5x+3=0 or x+1=0 
5x = —3 or x=-l 
x=-3 or Daa 


To solve a quadratic equation: 
1. Check for the form x2 = dor (x + c)? = d. Ifitis in this form, use 
the principle of square roots as in Section 7.1. 


2. Ifit is not in the form of step (1), write it in standard form 
ax* + bx + c = Owith aand b nonzero. 


3. Then try factoring. 
4. Ifit is not possible to factor or if factoring seems difficult, use the 
quadratic formula. 


The solutions of a quadratic equation cannot always be found by 
factoring. They can always be found using the quadratic formula. 


The solutions to all the exercises in this section could also be found by 
completing the square. However, the quadratic formula is the preferred 
method because it is faster. 


Do Exercise 1. 


We will see in Example 2 that we cannot always rely on factoring. 


) EXAMPLE 2 Solve: 5x? — 8x = 3. Give the exact solutions and approxi- 
mate the solutions to three decimal places. 


We first find standard form and determine a, b, and c: 
5x2 — 8x — 3 = 0; 
a=5, b=-8, c= -3. 


\/h2 
~¥i aks. saa 4 
We then use the quadratic formula, x = = saat 
(-8) + V(-8)2 — 4-5- (-3) 
x= Substituting 
2:5 
o 8 + V64 + 60 8+ V124 8+ V4-31 
10 10 10 
rub avai 2(4+ V31) 2 ae v3l 44 V3i 
7 10 7 2-5 ~~“: 5 7 5 
Caution! 


To avoid a common error in simplifying, remember to factor the numerator 
and the denominator and then remove a factor of 1. 


Quadratic Equations and Functions 


We can use a calculator to approximate the solutions: 


4+ V31 4-— V31 


Check: Checking the exact solutions 

(4 + V31)/5 can be quite cumbersome. It 

could be done on a calculator or by using the (—0.314, 0) 
1 


approximations. Here we check 1.914; the = 
check for —0.314 is left to the student. 


For 1.914: 


5x2 — 8x =3 fd) = 5x? - 8x-3 
5(1.914)2 — 8(1.914) 2 3 
5(3.663396) — 15.312 
3.00498 


We do not have a perfect check due to the rounding error. But our check 
seems to confirm the solutions. 


Do Exercise 2. 


Some quadratic equations have solutions that are nonreal complex 
numbers. 


EXAMPLE 3 Solve: x27 +x+1=0. 


We have a = 1, b = 1,c = 1. We use the quadratic formula: 


-l+ VP =4-1+1 
x= 
224 
-l+v1—-4 J fi =x? +x4+1 
a ee 
-2+ No x-intercepts 
= ok V3 J 
x= 7 
2 
-1+ V3i 
x= . 
2 


The solutions are 
-14+ iv3 tee —1 - V3i 
2 2 : 
The solutions can also be expressed in the form 


1 V3. 1 V3. 
== Yd and), SS 4, 
2 2 a 3 ) 


Do Exercise 3. 


it 
EXAMPLE 4 Solve: 2 + — =. Give the exact solutions and approxi- 
x 


mate solutions to three decimal places. 


We first find an equivalent quadratic equation in standard form: 


a 24 7) oe o Multiplying by x? to clear fractions, 
x x? noting that x # 0 
2x2 + 7x =5 

2x2 + 7x-5=0. Subtracting 5 


2. Solve using the quadratic 
formula: 


3x2 4 ey = 7. 


Give the exact solutions and 
approximate solutions to three 
decimal places. 


3. Solve: x2 —x+2=0. 


Answers 

ess = 1.230, —1.897 
« Deve Ve 
eee PO 8 
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Then 


a=2, b=7, c=-5 


~7 + V72—4-2-(-5) — 

x= 2.9 Substituting 
. 7+ V49 + 40 7+ V89 
7 4 7 4 

YA (i 5 

| fw=2+--ZB 

4 se -7 + V89 —7 — V9 
a | 


Since we began with a rational equation, we need to check. We cleared 
the fractions before obtaining a quadratic equation in standard form, and this 
step could introduce numbers that do not check in the original rational equa- 
tion. We need to show that neither of the numbers makes a denominator 0. 


d\ 4 8 
] (0-608, 0) 


Since neither of them does, the solutions are 


—-7 + V89 —7 — V89 
a ia and a Ta 


We can use a calculator to approximate the solutions: 


: —7 + V89 
4. Solve: Vv ~ 0.608: 
x x? ot ONES. 28 ian 
Give the exact solutions and 4 ne 


approximate solutions to three 


decimal places. Do Exercise 4. | 


Calculator Corner 


Solving Quadratic Equations A quadratic equation written with 0 on one side of the equals sign can be solved using 
the zero feature of a graphing calculator. See the Calculator Corner on p. 391 for the procedure. 

We can also use the INTERSECT feature to solve a quadratic equation. Consider the equation in Exercise 19 in Exercise Set 7.2: 
Ax(x — 2) — 5x(x — 1) = 2. First, we enter yy = 4x(x — 2) — 5x(x — 1) and y2 = 2 on the equation-editor screen and graph the 
equations in a window that shows the point(s) of intersection of the graphs. 

We use the INTERSECT feature to find the coordinates of the left-hand point of intersection. (See the Calculator Corner on p. 246 for the 

procedure.) The first coordinate of this point, —2, is one solution of the equation. We use the INTERSECT feature again to find the other solu- 
tion, —1. 


VY, 1G = 2) = Se 1), Yo 2 Y ieee = 2) = Sue 1), Vo 2 
4 4 


Intersection 


Intersection 
X=7-2 Y=2 -1 


Exercises: Solve. 


1. 5x2 = -llx + 12 2. 2x2 — 15 = 7x 

3. 6(x — 3) = (x — 3) (x - 2) 4. (x + 1) (x — 4) = 3(x — 4) 
XX 
Answer 

5 x V7 


4. 


= ; 2.257, —0.591 
6 
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For Extra Help 
= P. 
Mathexyp | x G = J 
MyMathLab ee WATCH DOWNLOAD READ REVIEW 


1.x? + 8x+2= 2. x2 - 6x -—4=0 3. 3p* = -8p - 1 4. 3u* = 18u — 6 
5.x2-x+1=0 6.x2+x+2=0 7x2 +13 = 4x 8. x2 + 13 = 6x 
2 2 
9. r2 + 3r=8 10. h? + 4 = 6h W.1+2+2%=0 12.1+2,=5 
x x x x 
13. a) Solve: 3x + x(x — 2) = 0. 14. a) Solve: 4x + x(x — 3) = 0. 15. a) Solve: 1lx* — 3x -—5 = 0. 
b) Find the x-intercepts of b) Find the x-intercepts of b) Find the x-intercepts of 
f(x) = 3x + x(x — 2). f(x) = 4x + x(x — 3). f(x) = 11x? - 3x - 5. 
16. a) Solve: 7x2 + 8x = —2. 17. a) Solve: 25x* = 20x — 4. 18. a) Solve: 49x2 — 14x + 1 = 0. 
b) Find the x-intercepts of b) Find the x-intercepts of b) Find the x-intercepts of 
f(x) = 7x? + Bx + 2. f(x) = 25x2 — 20x + 4. f(x) = 49x* -— 14x + 1. 
Solve. 
19. 4x(x — 2) — 5x(x — 1) = 2 20. 3x(x + 1) — 7x(x + 2) =6 
21. 14(x — 4) — (x + 2) = (x + 2) (x — 4) 22. 11(x — 2) + (x — 5) = (x + 2) (x — 6) 
23. 5x2 = 17x — 2 24. 15x = 2x2 + 16 25.x7 +5 =4x 26. x2 + 5 = 2x 
1 1 1 1 1 1 1 1 
eee! ry eae 29, — 4 == 30. — + == 
x 6 x 3 2 y ytrt2 3 x x+4 7 
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31. (2t — 3)? + 17t = 15 


35.x3-—1=0 


36. x3 + 27=0 


(Hint: Factor the difference of 
cubes. Then use the quadratic 


formula.) 


Solve. Give the exact solutions and approximate solutions to three decimal places. 


37. x7 + 6x +4=0 


Al. 2x2 — 3x —-7=0 42. 3x* — 3x -2=0 43. 
Skill Maintenance 
Solve. [6.6a, b] 
45.x = Vx+2 46. x = V15 — 2x 
48. Vx+14+2=V3x4+1 49. Vx+5=-7 
51. W4x - 7 = 2 52. V3x -1=2 
Synthesis 
rw F wi 
53. m@sa Use a graphing calculator to solve the equations in 54. 


Exercises 3, 16, 17, and 43 using the INTERSECT feature, 
letting y, = the left side and yz = the right side. Then 
solve 2.2x2 + 0.5x —1=0. 


Solve. 

55. 2x2 x - V5 =0 56. 

57. ix? -—x-1=0 58. 

69" eae 60. 
x+1 3x2 — 3 

61. Let f(x) = (x — 3)*. Find all inputs x such that 62. 
f(x) = 13. 
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38. x7 + 4x -—7=0 39. 


x*-6x+4=0 40. x2 — 4x +1=0 


5x? = 3 + 8x 44, 2y2 + 2y-—3=0 
47. Vx +2 = V2x- 8 
50. V2x —-6+ 11=2 

mea Usea graphing calculator to solve the 


equations in Exercises 9, 27, and 30. Then solve 
5.33x? = 8.23x + 3.24. 


V3x" + 6x + V3 =0 
(1 + V3)x2 — (3 + 2v3)x+ 3 =0 


Let f(x) = x2 + 14x + 49. Find all inputs x such that 
f(x) = 36. 


Copyright © 2011 Pearson Education, Inc. 


(a) Applications and Problem Solving 


Sometimes when we translate a problem to mathematical language, the 
result is a quadratic equation. 


EXAMPLE 1 Quilt Dimensions. Michelle is making a quilt for a wall 
hanging at the entrance of a state museum. The finished quilt will measure 
8 ft by 6 ft. The quilt has a border of uniform width around it. The area of the 
interior rectangular section is one-half the area of the entire quilt. How wide 
is the border? 


1. Familiarize. We first 
make a drawing and 
label it with the known 
information. We don't 
know how wide the 
border is, so we have 
called its width x. 


2. Translate. Remember, the area of a rectangle is Jw (length times width). 
Then: 


Area of entire quilt = 8 - 6; 
Area of interior section = (8 — 2x) (6 — 2x). 


Since the area of the interior section is one-half the area of the entire 
quilt, we have 


(8 — 2x) (6 - 2x) = 5-8-6. 


3. Solve. We solve the equation: 


48 — 28x + 4x2 = 24 Using FOIL on the left 
4x* — 28x + 24=0 Finding standard form 
x*-—7x+6=0 Dividing by 4 
(x — 6)(x- 1) =0 Factoring 
x=6 or x=1. Using the principle of zero products 


4. Check. We check in the original problem. We see that 6 is not a solution 
because an 8-ft by 6-ft quilt cannot have a 6-ft border. When x = 6, then 
8 — 2x = —4 and 6 — 2x = —6 and the dimensions of the interior sec- 
tion of the quilt cannot be negative. 
If the border is 1 ft wide, then the interior will have length 8 — 2 - 1, 
or 6 ft. The width will be 6 — 2 - 1, or 4 ft. The area of the interior is thus 
6 - 4, or 24 ft?. The area of the entire quilt is 8 - 6, or 48 ft”. The area of the 
interior is one-half of 48 ft, so the number 1 checks. 


5. State. The border of the quilt is 1 ft wide. ) 


| Do Exercise 1. 


. Landscaping. A rectangular 
garden is 60 ft by 80 ft. Part of 
the garden is torn up to install a 
sidewalk of uniform width 
around it. The area of the new 
garden is one-half of the old 
area. How wide is the sidewalk? 


Answer 
1. 10ft 


7.3 Applications Involving Quadratic Equations 601 


! EXAMPLE 2 Town Planning. Three towns A, B, and C are situated as 
shown. The roads at A form a right angle. The distance from A to B is 2 mi less 
than the distance from A to C. The distance from B to C is 10 mi. Find the dis- 
tance from A to B and the distance from A to C. 


1. Familiarize. We first make a drawing and label it. We let d = the dis- 
tance from A to C. Then the distance from A to B is d — 2. 


A d (a 
d-2 
10 mi 
B 


2. Translate. We see that a right triangle is formed. We can use the 
Pythagorean theorem, which we studied in Chapter 6: c* = a? + b?. In 
this problem, we have 


102 = d?2 + (d— 2)2. 


3. Solve. We solve the equation: 


2. Ladder Location. A ladder 102 = d2+ (d— 2)2 
leans against a building, as 2 i ' 
shown below. The ladder is 20 ft 100=d* + d*—4d+4 — Squaring 
long. The distance to the top of 2d* — 4d — 96 = 0 Finding standard form 
the ladder is 4 ft greater than the eee _ = pectids 1 bd 
distance d from the building. ’ oe a a 
Find the distance d and the ; 
distance to the top of the ladder. (d— 8)(d + 6) =0 Factoring 
d-—-8=0 or d+6=0 Using the principle of zero 


products 
d=8 or d= —-6. 


4. Check. We know that —6 cannot be a solution because distances are 
not negative. If d = 8, thend — 2 = 6, and 


= d* + (d — 2)* = 82 + 62 = 64 + 36 = 100. 
Since 102 = 100, the distance 8 mi checks. 
5 


. State. The distance from A to C is 8 mi, and the distance from A to B 
is 6 mi. 


Do Exercise 2. 


) EXAMPLE 3. Town Planning. Three towns A, B, and C are situated as 
shown in Example 2. The roads at A form a right angle. The distance from A to 


Answer B is 2 mi less than the distance from A to C. The distance from B to C is 8 mi. 
&. ‘The distance dis 12 ft the distance'te the Find the distance from A to B and the distance from A to C. Find exact and 
top of the ladder is 16 ft. approximate answers to the nearest hundredth of a mile. 
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Using the same reasoning that we did in Example 2, we translate the 
problem to the equation 


82 = d? + (d — 2). 
We solve as follows. Note that the quadratic equation we get is not easily 
factored, so we use the quadratic formula: 
64 = d* + d*-4d+4 Squaring 
2d* — 4d — 60 = 0 Finding standard form 
d2 — 2d — 30 = 0. Multiplying by 3, or dividing by 2 


Then 
A —b al. 1\/ b2 — 4ac 
2a 
(-2) + V(—2)? — 4(1) (-30) _—_ Substituting 1 for a, —2 for b, 
d= 2(1) and —30 forc 
24+V124 24 V4(31 24+ 2V31 
d= 5 = a -_ —VSi = 1+ VSI. 


Since 1 — V31 < Oand1+ V31 > 0, it follows that d = 1 + V31. Using a 
calculator, we find that d = 1 + V31 © 6.57 mi, and that d — 2 ® 4.57 mi. 
Thus the distance from A to C is about 6.57 mi, and the distance from A to B is 
about 4.57 mi. 


Do Exercise 3. 


EXAMPLE 4 Motorcycle Travel. Karin’s motorcycle traveled 300 miata 
certain speed. Had she gone 10 mph faster, she could have made the trip in 
1 hr less time. Find her speed. 


1. Familiarize. We first make a drawing, labeling it with known and 
unknown information. We can also organize the information in a table 
as we did in Section 5.6. We let r = the speed, in miles per hour, and 
t = the time, in hours. 


= Cah 
Ses peony tee iseee Free 5 feo i ee ag», ee 
e > 
r mph 300 miles t hours 


sa. wae 
C > 
r+10mph 300 miles t —1 hours 
300 
300 if if r= -— 
300 
300 Par 1G) ie eS 
J 


Recalling the motion formula d = rt and solving for r, we get r = d/t. 
From the rows of the table, we obtain 
_ 300 300 


r=— and r+10=——. 
t t-1 


3. Ladder Location. Refer to 
Margin Exercise 2. Suppose that 
the ladder has length 10 ft. Find 
the distance d and the distance 
d+ 4. 


Answer 


3. The distance d is about 4.782 ft; the distance 
to the top of the ladder is about 8.782 ft. 
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4. Marine Travel. Two ships 
make the same voyage of 3000 
nautical miles. The faster ship 
travels 10 knots faster than the 
slower one. (A knot is 1 nautical 
mile per hour.) The faster ship 
makes the voyage in 50 hr less 
time than the slower one. Find 
the speeds of the two ships. 


Complete this table to help with 
the familiarization. 


r2OSté‘<‘i‘*SY 


» 


SPEED 


DISTANCE 
3000 


FASTER SHIP 
SLOWER SHIP 


Answer 
4. 


Distance 


| Faster Ship 3000 


3000 r 


[ slower Ship 


20 knots, 30 knots 


2. Translate. We substitute for r from the first equation into the second 
and get a translation: 
300 300 


+ 10 = ; 
t t-1 


3. Solve. We solve as follows: 


300, 15 _ 300 
t t- 1 
300 300. Multiplying by 
t(t | - 10 | = t(t— 1) | the LCM 
300 
t(t = (t= 1) +10 = e(- 1)- 


300(t — 1) + 10(t? — ft) = 300t 
300t — 300 + 102 — 10¢ = 3008 


10? — 10¢ — 300 = 0 Standard form 
t?-t-30=0 Dividing by 10 
(t-— 6)(t+ 5) =0 Factoring 
t=6 or t=—-5. Using the principle 
of zero products 


4. Check. Since negative time has no meaning in this problem, we try 6 hr. 
Remembering that r = d/t, we get r = 300/6 = 50 mph. 
To check, we take the speed 10 mph faster, which is 60 mph, and see 
how long the trip would have taken at that speed: 


d 300 
= — = — = 5hr. 
t - 60 5 hr 


This is 1 hr less than the trip actually took, so we have an answer. 
5. State. Karin’s speed was 50 mph. ) 


Do Exercise 4. | 
(b) Solving Formulas 


Recall that to solve a formula for a certain letter, we use the principles for 
solving equations to get that letter alone on one side. 


EXAMPLE 5 Period ofa Pendulum. The time T required for a pendulum 
of length L to swing back and forth (complete one period) is given by the for- 
mula T = 27 VL/g, where gis the gravitational constant. Solve for L. 


T = 2a VE This is a radical equation. 
g (See Section 6.6.) 
pe ke || ie VE Principle of powers 
g (squaring) 
T2 = g2q2t 
g 
eT? = Aq?L Clearing fractions 
a Multiplying by — 
— a= iplying by —; 
Aar2 plying by re: 
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We now have L alone on one side and L does not appear on the other side, so 
the formula is solved forL. 


5. Solve A = , [1 tor W. 
| Do Exercise 5. W2 


In most formulas, variables represent nonnegative numbers, so we need 
only the positive root when taking square roots. 


| EXAMPLE 6 HangTime. An athlete’s hang time is the amount of time 
that the athlete can remain airborne when jumping. A formula relating an 
athlete’s vertical leap V, in inches, to hang time T, in seconds, is V = 48T?. 
(See Example 13 in Section 7.1.) Solve for T. 


We have 
48T? = V 
72 V eitiiceees 2 al 6. Solve V = mr2h for r. 
~ 48 PARED PY ag EEE eae (Volume of a right circular 

V cylinder) 

T= 48 Using the principle of square roots; note that T = 0. 

r fl 4 3 V3V V3V 
2:96929°3 3 2 -o33 ) h 


Do Exercise 6. ; 


) EXAMPLE 7 Falling Distance. An object that is tossed downward with 
an initial speed (velocity) of vp will travel a distance of s meters, where 
s = 4,.9t? + vot and tis measured in seconds. Solve for t. 


Answers 
WwW) V4 
pe — or.) 
W2 R r hi 
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Since ft is squared in one term and raised to the first power in the other 


To solve a formula for a letter, term, the equation is quadratic in t. The variable is ft; vp and s are treated as 
say, t: constants. 
1. Clear the fractions and use We have 
the principle of powers, as 4.9t2 + vot = 5 


needed, until t does not 


. ; 4.9t? + vot —s =0 Writing standard form 
appear in any radicand or 


denominator. (In some a=49, b=, c=-s 
cases, you may clear the vp + V(v9)2 — 4(4.9) (—s) Using the = formula: 
fractions first, and in some [= 2(4.9) bie —b + Vb* — 4ac 
cases, you may use the 2a 
principle of powers first.) —Vo + V(vo)? + 19.6s 

2. Collect all terms with t? in = 9.8 , 


them. Also collect all terms 


wath Ean Een: Since the negative square root would yield a negative value for ¢, we use only 


the positive root: 
3. If t2 does not appear, you 


can finish by using just the ree + V(v9)* + 19.6s 
addition and multiplication 7 9.8 : ) 
principles. 

4. If t2 appears but ¢ does not, The steps listed in the margin should help you when solving formulas for 
solve the equation for f2. a given letter. Try to remember that, when solving a formula, you do the same 
Then take square roots on things you would do to solve any equation. 
both sides. 


Do Exercise 7. | 


5. If there are terms containing 
both t and f?, write the 


a 
equation in standard form | EXAMPLE 8 Solve t = ———— Ss Kora. 
and use the quadratic ee 
formula. In this case, we could either clear the fractions first or use the principle of 
powers first. Let’s clear the fractions. Multiplying by V a2 + b2, we have 
tVa* + b* =a. 


ieclve see? tore Now we square both sides and then continue: 


(¢ a? + b?)? =a* — Squaring 


Caution! 


Dont forget to square 


\ y both tand Va? + b?. 


t?( Qe + b?)? =qa2 
f(a" + b?) = a? 
t*b? = a* — ta? Getting all a?-terms together 
t*b* = a7(1— t?) Factoring out a? 
272 
t“b 
_ 2 oe 2 
=a Dividing by 1 — t 
i=- § by 
b 
8. Solve —————. = f for b. t*b? 
We = ie ae a Taking the square root 
ig 1-2 
tb 
———— = 4. Simplifying 
Vi1- t? 
Answers 
eye g? + 64s You need not rationalize denominators in situations such as this. ) 
a 32 
8, p- 4 Do Exercise 8. 
Vi1+ 07 
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1. CarTravel. Sarah drove her car 


800 mi to see her friend. The 
return trip was 2 hr faster at a 
speed that was 10 mph more. 
Find her return speed. 


. Coin Mixture. A collection of 
dimes and quarters is worth 
$26.95. There are 117 coins in 
all. How many of each coin are 
there? 


. Wire Cutting. A537-in. wire is 
cut into three pieces. The second 
piece is 7 in. shorter than the 
first. The third is half as long as 
the first. How long is each 

piece? 


. Marine Travel. The Columbia 
River flows at a rate of 2 mph for 
the length of a popular boating 
route. In order for a motorized 
dinghy to travel 3 mi upriver and 
return in a total of 4 hr, how fast 
must the boat be able to travel 
in still water? 


. Locker Numbers. The numbers 
on three adjoining lockers are 
consecutive integers whose sum 
is 537. Find the integers. 


Translating 
for Success 


Translate each word problem to an 
equation or a system of equations and 
select a correct translation from 
equations A-O. 


A. 


(80 — 2x) (100 — 2x) = 
3° 80- 100 


0s ag 
x x= 2 


~~ X+ 18% - x = 3.24 


. x + 25y = 26.95, 
x+y=117 


. 2x + 2(x — 7) = 537 
x+ (x — 7) + 3x = 537 


. 0.10x + 0.25y = 26.95, 
x+y=117 


. 3.24 — 18% - 3.24 = x 


4 4 
+ 
x+2 x-2 


=3 


x? + (x+ 1)? = 77 
. 75% + x2 = 782 


3 3 
é + 
RE 2 KS 2 


=4 


. 75% + 78% = x2 
N. x + (x + 1) + (x + 2) = 537 


800 800 
.— + 


= 10 
x x= 2 


Answers on page A-25 


. Gasoline Prices. One day the 


price of gasoline was increased 
18% to a new price of $3.24 per 
gallon. What was the original 
price? 


. Triangle Dimensions. The 


hypotenuse of a right triangle is 
7 ft. The length of one leg is 1 ft 
longer than the other. Find the 
lengths of the legs. 


. Rectangle Dimensions. The 


perimeter of a rectangle is 537 ft. 
The width of the rectangle is 7 ft 
shorter than the length. Find the 
length and the width. 


. Guy Wire. A guy wire is 78 ft 


long. It is attached to the top of 
a 75-ft cell-phone tower. How far 
is it from the base of the pole to 
the point where the wire is 
attached to the ground? 


. Landscaping. A rectangular 


garden is 80 ft by 100 ft. Part of 
the garden is torn up to install a 
sidewalk of uniform width 
around it. The area of the new 
garden is ; of the old area. How 
wide is the sidewalk? 


ow 


. Flower Bed. The width ofa rectangular flower bed is 


7 ft less than the length. The area is 18 ft?. Find the 
length and the width. 


. Parking Lot. The length of a rectangular parking lot is 


twice the width. The area is 162 yd?. Find the length and 
the width. 


5. Sailing. The base ofa triangular sail is 9 m less than its 


height. The area is 56 m?. Find the base and the height 
of the sail. 


7. Parking Lot. The width ofa rectangular parking lot is 


51 ft less than its length. Determine the dimensions 
of the parking lot if it measures 250 ft diagonally. 
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2. Feed Lot. The width ofa rectangular feed lot is 8 m less 


than the length. The area is 20 m2. Find the length and 
the width. 


. Flag Dimensions. The length of an American flag that 


is displayed at a government office is 3 in. less than 
twice its width. The area is 1710 in*. Find the length and 
the width of the flag. 


6. Parking Lot. The width of a rectangular parking lot is 


50 ft less than its length. Determine the dimensions of 
the parking lot ifit measures 250 ft diagonally. 


8. Sailing. The base of a triangular sail is 8 ft less than its 
height. The area is 56 ft?. Find the base and the height of 


the sail. 
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9. Mirror Framing. The outside of a mosaic mirror frame 


measures 14 in. by 20 in., and 160 in? of mirror shows. 
Find the width of the frame. 


11. Landscaping. A landscaper is designing a flower 
garden in the shape of a right triangle. She wants 
10 ft of a perennial border to form the hypotenuse 
of the triangle, and one leg is to be 2 ft longer than 
the other. Find the lengths of the legs. 


13. Page Numbers. A student opens a literature book to 
two facing pages. The product of the page numbers 
is 812. Find the page numbers. 


10. Box Construction. An open box is to be made from a 
10-ft by 20-ft rectangular piece of cardboard by cutting a 
square from each corner. The area of the bottom of the 
box is to be 96 ft?. What is the length of the sides of the 
squares that are cut from the corners? 


< 20 ft a 


12. The hypotenuse of a right triangle is 25 m long. The 
length of one leg is 17 m less than the other. Find 
the lengths of the legs. 


14. Page Numbers. A student opens a mathematics book 


to two facing pages. The product of the page numbers 
is 1980. Find the page numbers. 


Solve. Find exact answers and approximate answers rounded to three decimal places. 


15. The width of a rectangle is 4 ft less than the length. The 


area is 10 ft”. Find the length and the width. 


17. Page Dimensions. The outside of an oversized book 
page measures 14 in. by 20 in.; 100 in? of printed text 
shows. Find the width of the margin. 


16. The length of a rectangle is twice the width. The area is 


328 cm?. Find the length and the width. 


18. Picture Framing. The outside of a picture frame 


measures 13 cm by 20 cm, and 80 cm? of picture shows. 
Find the width of the frame. 
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19. The hypotenuse of a right triangle is 24 ft long. The 


21 


23. 


25 


27. 


29. 


length of one leg is 14 ft more than the other. Find 
the lengths of the legs. 


Car Trips. During the first part of a trip, Sam’s 
Chevrolet Cobalt SS traveled 120 mi. Sam then drove 
another 100 mi at a speed that was 10 mph slower. If the 
total time for Sam’s trip was 4 hr, what was his speed on 
each part of the trip? 


Car Trips. Colleen’s Hyundai Sonata travels 200 mi. If 
the car had gone 10 mph faster, the trip would have 
taken 1 hr less. Find Colleen’s speed. 


Air Travel. A Cessna flies 600 mi. A Beechcraft flies 
1000 mi at a speed that is 50 mph faster, but takes 1 hr 
longer. Find the speed of each plane. 


Bicycling. Naoki bikes 40 mi to Hillsboro. The return 
trip is made at a speed that is 6 mph slower. Total travel 
time for the round trip is 14 hr. Find Naoki’s speed on 
each part of the trip. 


Navigation. The current in a typical Mississippi River 
shipping route flows at a rate of 4 mph. In order fora 
barge to travel 24 mi upriver and then return in a total 
of 5 hr, approximately how fast must the barge be able 
to travel in still water? 


LON Avavaraianinretetent 
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20. 


22. 


24. 


26. 


28. 


30. 


The hypotenuse of a right triangle is 22 m long. The 
length of one leg is 10 m less than the other. Find 
the lengths of the legs. 


Canoeing. During the first part of a canoe trip, Doug 
covered 60 km. He then traveled 24 km at a speed that 
was 4 km/h slower. If the total time for Doug’s trip was 
8 hr, what was his speed on each part of the trip? 


DISTANCE 


Car Trips. Katie’s Nissan Altima travels 280 mi. If the 
car had gone 5 mph faster, the trip would have taken 
1 hr less. Find Katie’s speed. 


Air Travel. A turbo-jet flies 50 mph faster than a super- 
prop plane. If a turbo-jet goes 2000 mi in 3 hr less time 
than it takes the super-prop to go 2800 mi, find the 
speed of each plane. 


Car Speed. Onasales trip, Gail drives the 600 mi to 
Richmond. The return trip is made at a speed that is 
10 mph slower. Total travel time for the round trip is 
22 hr. How fast did Gail travel on each part of the trip? 


Navigation. The Hudson River flows at a rate of 

3 mph. A patrol boat travels 60 mi upriver and returns 
in a total time of 9 hr. What is the speed of the boat in 
still water? 


Set 
~ 268088 
«S&S. COAST GUARD 
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(b) Solve each formula for the given letter. Assume that all variables represent nonnegative numbers. 


31. A = 6s2, fors 
(Surface area of a cube) 


KQ1Qo 


34. N = a? for s 
s 
(Number of phone calls between 
two cities) 


37. a* + b* = c’, forb 
(Pythagorean formula in 
two dimensions) 


2 
40. s = vot + o fort 


(A motion formula) 


43. T= 2% forg 


(A pendulum formula) 
2 
46. N + p = ——, forR 
Pp pR2 


32. A = Arr, forr 
(Surface area of a sphere) 


35. E = mc?, forc 
(Einstein’s energy—mass 
relationship) 


38. a2 + b2 + c2 = d?, forc 
(Pythagorean formula in 
three dimensions) 


Al. A = 2arr* + 2arh, forr 
(Surface area of a cylinder) 


TT, 
h 
as | 
44,.W= = for L 
: VLC’ 
(An electricity formula) 
mo 
47. m = ———, forv 
y2 
Da 
c 
(A relativity formula) 


Gm\m2 


33. F = 
r2 


36. V = 45h, fors 
(Volume of a pyramid) 


2 
39. v= ~—* fork 


(Number of diagonals of a polygon 
of k sides) 


42. A = mr + ars, forr 
(Surface area of a cone) 


45. [= for H 
H 


(Body mass index; see Example 1 
of Section 1.2) 


48. Solve the formula given in 
Exercise 47 for c. 
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Skill Maintenance 


Add or subtract. [5.2b, c] 
1 1 x+1 x+1 

49. t 50. 

bo-1 97 = 3e49 Bm gg 
52. Multiply and simplify: V3x2V/3x3. [6.3a] 53. 
Simplify. [5.4a] 

3 
pm | 

54. i 5) 55. 

xt+1 <x-1 
Synthesis 


56. 


4 
Solve: : = 
olve: 


58. Bungee Jumping. Jesse is tied to one end of a 40-m 


60. 


elasticized (bungee) cord. The other end of the cord is 
tied to the middle of a train trestle. If Jesse jumps off the 
bridge, for how long will he fall before the cord begins to 
stretch? (See Example 7 and let vg = 0.) 


Pizza Crusts. At Pizza Perfect, Ron can make 100 large 
pizza crusts in 1.2 hr less than Chad. Together they can 
do the job in 1.8 hr. How long does it take each to do the 
job alone? 


612 
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57. 


59. 


61. 


2 x 
“x43 


51 


Express in terms of i: V—20. [6.8a] 


Find a when the reciprocal of a — lisa + 1. 


Surface Area. Asphere is inscribed in a cube as shown 
in the figure below. Express the surface area of the 
sphere as a function of the surface area S of the cube. 


The Golden Rectangle. For over 2000 yr, the propor- 
tions of a “golden” rectangle have been considered 
visually appealing. A rectangle of width w and length / 
is considered “golden” if 


WwW if 
I wt+l 
Solve for /. 
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(a) The Discriminant 


From the quadratic formula, we know that the solutions x; and x2 of a quad- 
ratic equation are given by 


—b + Vb* — 4ac 


2a 


—b — Vb? — 4ac 


and x» = ei 


x] 
The expression b* — 4ac is called the discriminant. When we are using the 
quadratic formula, it is helpful to compute the discriminant first. If it is 0, there 
will be just one real solution. If it is positive, there will be two real solutions. If 
it is negative, we will be taking the square root of a negative number; hence 
there will be two nonreal complex-number solutions, and they will be com- 


plex conjugates. 
DISCRIMINANT 
b? — 4ac NATURE OF SOLUTIONS 
0 Only one solution; it is a real number Only one 
Positive Two different real-number solutions Two different 
Negative Two different nonreal complex-number None 


solutions (complex conjugates) 


If the discriminant is a perfect square, we can solve the equation by fac- 
toring, not needing the quadratic formula. 


EXAMPLE 1. Determine the nature of the solutions of 9x2 — 12x + 4 = 0. 
We have yn f(x) = 9x? — 12x44 
a=9, b=-12, c=4. “ 


We compute the discriminant: 
b? — 4ac = (-12)2- 4-9-4 + 
144 — 144 eal ptt} 


=0 | One x-intercept 


ll 


There is just one solution, and it is a real number. Since 0 is a perfect square, 
the equation can be solved by factoring. 


EXAMPLE 2. Determine the nature of the solutions of x2 + 5x + 8 = 0. 
We have 


a=1, b 


5, c= 8. 


L f(x) =x? +5x+8 
We compute the discriminant: No x-intercepts 
b? =4Age = § = 4-1-8 [ 
25-= 32. ee a a 


= -7. 


ll 


Since the discriminant is negative, there are two nonreal complex-number 
solutions. 


SKILL TO REVIEW 
Objective 5.7a: Solve a formula for 
a letter. 


Solve. 


STUDY TIPS 


TAKE THE TIME! 


The foundation of all your study 
skills is making time to study! If 
you invest your time, you increase 
your likelihood of succeeding. 


Answers 
Skill to Review: 
ab — Wb 
W 


lor 2630 
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f(x) =x?-2 


b’ - 4ac =8>0 
Two real solutions 
Two x-intercepts 


fx)=x7+4x44 
b’ - 4ac=0 
One real solution 
One x-intercept 


=8547852-)) 123.45 x 


fe) =x? -4x +6 
b’ - 4ac = -8 <0 
No real solutions 
No x-intercept 


Determine the nature of the 
solutions without solving. 


1. x2 + 5x-3=0 


2. 9x2 —- 6x + 1=0 


3. 3x2 — 2x + 1=0 


Answers 


1. Tworeal 2. Onereal 3. Twononreal 


! EXAMPLE 3. Determine the nature of the solutions of x? + 5x + 6 = 0. 


We have 


@= i, b=s, c=6: 
b? — 4ac = 5*- 4-1-6=1. 


Since the discriminant is positive, there are 
two solutions, and they are real numbers. 
The equation can be solved by factoring 
since the discriminant is a perfect square. 


F(x) =x*4+5x+6 
[ Two x-intercepts 


EXAMPLE 4. Determine the nature of the solutions of 5x2 + x — 3 = 0. 
We have 


a=5, b=1, ¢€ 3; 
b? — 4ac= 2 —4-5-(-3) = 1+ 60= 61. 
Since the discriminant is positive, there are two solutions, and they are real 


numbers. The equation cannot be solved by factoring because 61 is not a 
prefect square. 


The discriminant, b* — 4ac, tells us how many real-number solutions the 
equation ax* + bx + c = 0 has, so it also indicates how many x-intercepts 
the graph of f(x) = ax? + bx + chas. Compare the graphs at left. 


Do Exercises 1-3. 
(b) Writing Equations from Solutions 


We know by the principle of zero products that (x — 2) (x + 3) = 0 has solu- 
tions 2 and —3. If we know the solutions of an equation, we can write the 
equation, using this principle in reverse. 


! EXAMPLE 5 Finda quadratic equation whose solutions are 3 and — Z 


We have 


ail) 


x=3 or L= = 
x-3=0 or x+2%=0 _ Getting the0’sononeside 
x—-3=0 or 5x+2=0 Clearing the fraction 


(x — 3)(5x + 2) =0 Using the principle of zero products 


in reverse 
5x2 -—13x-6=0. Using FOIL ) 


| EXAMPLE 6 Write a quadratic equation whose solutions are 2i and —2i. 


We have 
x= 2i or x= -2i 
x—2i=0 or x+2i=0 Getting the 0’s on one side 


(x — 2i)(x + 2i) =0 Using the principle of zero products 
in reverse 


x2 — (2i)2=0 Using(A — B)(A+ B) = A? — B? 
x? — 412 =0 
x* — 4(-1).=0 
x2+4=0. ) 
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' EXAMPLE 7 Write a quadratic equation whose solutions are V3 and 


-2V3. 
We have 
= V3 or x= -2V3 
x-V3=0 or x+2V3= Getting the 0’s 
on one side 


(x = v3) (x + 2v3) =0 Using the principle of 
zero products 


x? + 2V3x —- V3x-2(-V3)=0 Using FOIL 
x2+V3x-6=0. Collecting like terms ) 


! EXAMPLE 8 Write a quadratic equation whose solutions are —12i and 12i. 


We have 
pi Ue GP ou pee Find a quadratic equation having 
; ; } the following solutions. 
x+ 12i=0 or x—12i=0 Getting the 0's A. Pand 2 
on one side 

(x + 12i)(x — 12i)=0 Using the principle of zero products Sheil 5 

5 =Clemol= 

x? — 12ix + 12ix -— 144i2=0 Using FOIL 3 

2 = -}])= eae F 
x 144(-1) =0 Collecting like terms; Gai andi 57 


substituting —1 for i# 
x2 +144 =0. ) 7. -2V2 and V2 


Do Exercises 4-8. 8. —7iand 7i 
(c) Equations Quadratic in Form 


Certain equations that are not really quadratic can still be solved as quadratic. 
Consider this fourth-degree equation. 


x4 —9x2 4+8=0 


v V Vv 

(x2)? — 9(x2) +8 =0 Thinking of x* as (x2)? 
v vv 

u2—9u +8=0 ~~ Tomake this clearer, 


write u instead of x2. 


The equation uv? — 9u + 8 = 0can be solved by factoring or by the quadratic 
formula. After that, we can find x by remembering that x? = u. Equations 
that can be solved like this are said to be quadratic in form, or reducible to 
quadratic. 


) EXAMPLE 9 Solve: x4 — 9x2 + 8 = 0. 
Let wu = x*. Then we solve the equation found by substituting uw for x2: 
u2—-9u+8=0 
(u— 8)(u-1)=0 Factoring 
u-8=0 or u-1=0 Using the principle of zero products 


u=8 or u 


Answers 

4.x2-—5x-14=0 5. 3x2 + 7x —- 20=0 
6x27 +25=0 7.x%+ V2x-4=0 

8. x2 +49 =0 
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10. Solve: x + 3Vx — 10 = 0. 


9. Solve: x4 — 10x2+9=0. 


Be sure to check. 


Answers 


9. 


+3, 


+1 
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10. 


4 
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Next, we substitute x? for u and solve these equations: 


z= or 2S 


x=+V8 or x=#I 
x= +2V2 or x=Hl. 


Note that when a number and its opposite are raised to an even power, the 
results are the same. Thus we can make one check for +2\V2 and one for +1. 


Check: 
For +2V2: For +1: 
x4 — 9x2 +8=0 x* — 9x2 + 8 = 
(+2V2)4 — 9(+2V2)2 + 8? 0 (+1)4 — 9(41)? + 8 2 
64-9-8+8 1-9+8 
0 TRUE 0 TRUE 


The solutions are 1, —1, 2V2, and —2V2. 
Caution! 


A common error is to solve for u and then forget to solve for x. Remember 
that you must find values for the original variable! 


Do Exercise 9. J 


Solving equations quadratic in form can sometimes introduce numbers 
that are not solutions of the original equation. Thus a check by substitution 
in the original equation is necessary. 


EXAMPLE 10 Solve: x — 3Vx —-4=0. 
Let u = Vx. Then we solve the equation found by substituting wu for Vx 
and uw? for x: 
u2 — 3u-4=0 
(u— 4)(u+1)=0 
u=4 or u=—l. 
Next, we substitute \/x for u and solve these equations: 


Vx=4 or Vx=—-1. 


Squaring the first equation, we get x = 16. Squaring the second equation, we 
get x = 1. We check both solutions. 


Check: 

For 16: For 1: 
x-3Vx-4=0 x-3Vx-4=0 
16 — 3VI6 - 420 1-3V1-420 


16-—3:-4-4 1-3-1-4 
16-—12-4 —6 FALSE 
0 TRUE 
Since 16 checks but 1 does not, the solution is 16. ) 


Do Exercise 10. 
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/ EXAMPLE 11 Solve: y-? — y !-2=0. 


Let u = y_!. Then we solve the equation found by substituting u for y~! 
and u? for y~: 
u*—-u-2=0 
(u— 2)(u+1)=0 
u=2 or u=-l. 
Next, we substitute y | or 1/y for u and solve these equations: 
1 1 


—=2 or —=-l1. 
y 


Solving, we get 


The numbers 3 and —1 both check. They are the solutions. 
Do Exercise 11. 


EXAMPLE 12 Find the x-intercepts of the graph of 
f(x) = (x? — 1)? — (x4 - 1) - 2. 
The x-intercepts occur where f(x) = 0, so we must have 


(x2 — 1)? — (x4 - 1) -2=0. 


Let u = x* — 1. Then we solve the equation found by substituting wu for 
x? -— 1: 
w—-u-2=0 
(u— 2)(u+1)=0 
u=2 or u=-—l. 


Next, we substitute x2 — 1 for u and solve these equations: 


x2-1=2 or x*2-1=-1 
x2 = 3 or x2 =0 
x= +V3 or x=0. 


The numbers V3, — V3, and 0 check. They are the solutions of (x? — 1)* — 
(x* — 1) — 2 = 0. Thus the x-intercepts of the graph of f(x) are (--v3, 0), 
(0, 0), and (V3, 0). 


(—v3, 0) 
-—2 


f(x) = (x? - 1)? - (@? — 1) - 2 ) 


Do Exercise 12. 


11. Solve: x2 + x7} -6=0. 


12. Find the x-intercepts of 


f(x) = (x? — x)? — 14(x? — x) + 24. 


Answers 
11 


11. , 12. 3,0), 
Si ROL 
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1, 0), (2, 0), (4, 0) 
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(a) Determine the nature of the solutions of each equation. 


1. x2 - 8x + 16=0 2. x2 + 12x + 36=0 3.x2+1=0 4.x2+6=0 
5.x2 -6=0 6. x2 -3=0 7. 4x2 — 12x +9=0 8. 4x2 + 8x -—-5 =0 
9.x? - 2x +4=0 10. x2 + 3x+4=0 11. 9f2 — 3t = 0 12. 4m2 + 7m = 0 
13. y2 = Sy +5 14, y2 + — = 4y 

15. 4x? — 4V3x+3=0 16. 6y? — 2V3y-—1=0 


(b) Write a quadratic equation having the given numbers as solutions. 


17. —4and4 18. —lland9 19. —4i and 4i 


20. —iandi 21. 8, only solution 22. —3, only solution 
[Hint: It must be a double 
solution, that is, 
(x — 8)(x - 8) =0.] 


2 6 1 1 k m 
23. “5 ande 24. ~qand—> 25. 3 and 4 
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Cc d 
26. 2 and 2 


29. 6i and —6i 


(c) Solve. 


31. x4 — 6x7 +9=0 


34. 2x -9Vx+4=0 


37. x2 — 5x71 — 36 =0 


40. (2 + Vx)? — 3(2 4 


43. w* — 29w2 + 100 


46. m2 + 9m7! — 10 


27. 


30. 


32. 


35. 


38. 


41. 


44, 


47. 


—V3 and 2V3 


8i and —8i 


x4 — 7x2 +12=0 


28. V2 and 3V2 


33. x — 10Vx+9=0 


3x2 -x }-14=0 


35 = 0 36. (x? + 5x)? + 2(x* + 5x) - 24=0 


39. (1+ Vx)? + (1+ Vx) -6=0 


t*-— 1012+9=0 


6x4 — 19x2 +15 =0 


24=0 42, (2t? + f)* — 4(2t7 + 1) +3=0 


45. 2x72 +x71-1=0 


48. 6x4 — 17x27 +5=0 
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49. x2/3 — 4x1/3 —5 =0 


Find the x-intercepts of the graph of each function. 
57. f(x) = 5x + 13Vx — 6 


59. f(x) = (x2 — 3x)? — 10(x? — 3x) + 24 


61. f(x) = x2/3 + x18 — 2 
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50. x2/3 + 2x13 —- 8 =0 


58. f(x) = 3x + 10Vx - 8 


62. f(x) = x2/5 + x1/5 —6 
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Skill Maintenance 


Solve. [3.4a] 


63. Coffee Beans. Twin Cities Roasters sells Kenyan coffee 64. Solution Mixtures. Solution A is 18% alcohol and 
worth $6.75 per pound and Peruvian coffee worth solution B is 45% alcohol. How many liters of each 
$11.25 per pound. How many pounds of each kind should be mixed in order to get 12 L of a solution that 
should be mixed in order to obtain a 50-Ib mixture that is 36% alcohol? 


is worth $8.55 per pound? 


Multiply and simplify. Assume that no radicands were formed by raising negative numbers to even powers. [6.3a] 


65. V8xV2x 66. W/x2W/27x4 67. W/9a2 W18a3 68. \/16\/64 


Graph. [2.2c], [2.5a, c] 
69. f(x) = —jx+4 70. 5x — 2y = 8 7iys4 72. f(x) =—-x -3 


Synthesis 


73. IEA Usea graphing calculator to check your answers to 74. IEE Use a graphing calculator to solve each of the 
Exercises 32, 34, 36, and 39. following equations. 
a) 6.75x — 35Vx — 5.26 = 0 
b) ax* — 72x? = V99.3 
ce) x4 — x3 — 13x2 + x+12=0 


For each equation under the given condition, (a) find k and (b) find the other solution. 


75. kx* — 2x + k = 0; one solution is —3. 76. kx? — 17x + 33 = 0; one solution is 3. 
77. Find a quadratic equation for which the sum of the 78. Find k given that kx* — 4x + (2k — 1) = Oand the 
solutions is V3 and the product is 8. product of the solutions is 3. 
79. The graph of a function of the form 80. (ASA While solving a quadratic equation of the form 
f(x) = ax? + bx +c ax? + bx + c = 0 witha graphing calculator, Shawn- 


: iene : Marie gets the following screen. 
is a curve similar to the one shown below. Determine a, b, 8 8 


and c from the information given. 10 


=10 Jee A 19 


—10 


How could the discriminant help her check the graph? 


Solve. 

a ah a 92, —"—. = 94 = 10, | — 83. Vx 3 —- Wx—-3= 12 
x-1 x= 1 x=3 x=-3 

84. a3 — 26a3/2 — 27 = 0 85. x® — 28x3 + 27 =0 86. x®° + 7x3 — 8 = 0 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. Every quadratic equation has exactly two real-number solutions. [7.4a] 


2. The quadratic formula can be used to find all the solutions of any 
quadratic equation. [7.2a] 

3. If the graph of a quadratic equation crosses the x-axis, then it has exactly 
two real-number solutions. [7.4a] 

4. The x-intercepts of f(x) = x? — tare (0, Vi) and (0, -Vvi). [7.1a] 


Guided Solutions 


Fill in each blank with the number that creates a correct solution. 


5. Solve 5x* + 3x = 4 by completing the square. [7.1b] 6. Use the quadratic formula to solve 5x? + 3x = 4. [7.2a] 
5x2 + 3x = 4 5x2 + 3x =4 
(5x? + 3x) =[]-4 5x* + 3x -[] =0 
2 ~ 
0. ce _4 Bar ae he ae |) = 0 
L] LI a—| \eeb—| hee —| | 
4 
x? + —x + ae Soe, = Vb? — 4ac 
Oo 2a 
a Dies ome, = ap 2s ‘i 
Ce rs ,- He ViP= #0 
3} 3 
Ma iV OTN eect NV, sees Mle: 
10 10 25 = 
ae _| 3 Vv 
ina 2 or i | eee VL 
_f =. _ 8 eo = 
10 10 10610 pee 
VF 10 
The solutions are — to 10° 
Mixed Review 
Solve by completing the square. [7.1b] 


7x2 +1= —4x 8. 2x2 + 5x -3=0 


9. x2 + 10x-6=0 10. x2 -x=5 


Determine the nature of the solutions of each equation ax* + bx + c = 0 and the number of x-intercepts of the graph of 
the function f(x) = ax? + bx +c. [7.4a] 

12.27—11=0 e 
3 7 


1 
11. x2 — 10x + 25=0 ee ee 


14. x2 + 5x+9=0 16. x2 — 8x = 0 
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Write a quadratic equation having the given numbers as solutions. [7.4b] 


17. —land 10 18. —13 and 13 19. —V5and3 V5 
: : : 4 2 
20. —4i and 4i 21. —6, only solution (yy = 3 and zi 
Solve. 
23. Jacob traveled 780 mi by car. Had he gone 5 mph faster, 24, R = as2,fors 7.3b] 
he could have made the trip in 1 hr less time. Find his 
speed. [7.3a] 


Solve. [7.1a], [7.2a], [7.4c] 


25. 3x7 +x=4 26. x4 — 8x2 + 15 =0 27. 4x* = 15x — 5 
28. 7x2 + 2 = —9x 29. 2x + x(x - 1) =0 30. (x + 3)? = 64 
31. 49x* + 16 = 0 32. (x? — 2)? + 2(x? — 2) —- 24=0 33. 72+ 5r = 12 
a el ews 
34. s* + 12s + 37 = 0 Be La (ee et | ath ose = = = 
2, 4 26 8 
37. 4x + 1 = 4x2 38. (x — 3)? + (x + 5)* =0 39. b* — 16b + 64 = 3 
P 1 1 1 
AM, (Ge= 8) = 10 Aes = ADC 16) 10 
Be eae 2 


Understanding Through Discussion and Writing 


43. Given the solutions of a quadratic equation, is it 44, Explain how the quadratic formula can be used to factor 
possible to reconstruct the original equation? Why a quadratic polynomial into two binomials. Use it to 
or why not? [7.4b] factor 5x? + 8x — 3. [7.2al 

45. Describe a procedure that could be used to write an 46. Describe a procedure that could be used to write an 
equation having the first seven natural numbers as equation that is quadratic in 3x2 + 1 and has real- 
solutions. [7.4b] number solutions. [7.4c] 


Mid-Chapter Review: Chapter 7 623 


In this section and the next, we develop techniques for graphing quadratic 
functions. 


(a) Graphs of f(x) = ax? 


The most basic quadratic function is f(x) = x?. 


EXAMPLE 1 Graph: f(x) = x?. 


We choose some values for x and compute f(x) for each. Then we plot the 
ordered pairs and connect them with a smooth curve. 


SKILL TO REVIEW > 
Objective 2.2c: Draw the graph of a = ‘Vertex: 0,0) 
function. : 
Graph the function. ) 


All quadratic functions have graphs similar to the one in Example 1. Such 
curves are called parabolas. They are cup-shaped curves that are symmetric with 
respect to a vertical line known as the parabola’s line of symmetry, or axis of 
symmetry. In the graph of f(x) = x2, shown above, the y-axis (or the line x = 0) 
is the line of symmetry. If the paper were to be folded on this line, the two halves 
of the curve would coincide. The point (0, 0) is the vertex of this parabola. 

Let’s compare the graphs of g(x) = 3x” and h(x) = 2x* with the graph of 
f(x) = x”. We choose x-values and plot points for both functions. 


1. f(x) = —3x =3 


2 fxax +4 


VA Line of symmetry: 


ear 
Answers ne feeceie duseagpesseeeebie : 
Skill to Review: : =3 18 : - a. 
Te ceases 2 ~2 8 i 
0 h(x) = 2x 
i 1 2 daaduad 
2 2 8 nee 
2 3 WS 
7 Eb 
: } fi) = 2 


Note the symmetry: For equal oor ee 
increments to the left and right of gone ol Nl oedel a egbat eg 
the vertex, the y-values are the same. woot AY 7 oe oe 
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Note that the graph of g(x) = 5x2 is a wider parabola than the graph of 
f(x) = x?, and the graph of h(x) = 2x? is narrower. The vertex and the line of 
symmetry, however, remain (0, 0) and x = 0, respectively. 1. f(x) = 

When we consider the graph of k(x) = —3x?, we see that the parabola 
opens down and is the same shape as the graph of g(x) = 3x2. 


hy WY 


GRAPHS OF f(x) = ax? 


The graph of f(x) = ax’, or y = ax?, is a parabola with x = 0 as its line 
of symmetry; its vertex is the origin. 


For a > 0, the parabola opens up; for a < 0, the parabola opens down. 
If |a| is greater than 1, the parabola is narrower than y = x?. 


If |al is between 0 and 1, the parabola is wider than y = x”. 


Do Exercises 1-3. 


(b) Graphs of f(x) = a(x — h)? 
It would seem logical now to consider functions of the type 

f(x) = ax? + bx tec. 
We are heading in that direction, but it is convenient to first consider graphs 
of f(x) = a(x — h)* and then f(x) = a(x — h)? + k, where a, h, and k are Apisivers 
constants. 1. 
EXAMPLE 2 Graph: g(x) = (x — 3). 


We choose some values for x and compute g(x). Then we plot the points 
and draw the curve. 


YA 
g(x) = (x= 3)? 


< Vertex 


— 


OorNOUF WwW 
OoOrrFonmbro 
FP rwowere UTI DN © OO 


| 
w 
| 
iS) 
| 
jm 
e 
i) 
— 
a 
a 
NI 
fon) 
o 
BR 


Vertex: (3, 0) é 
x= 3 —8-4 4 By 
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KEY TERMS 


The terms in each chapter are 
listed with page references at the 
beginning of the chapter 
Summary and Review. As part of 
your review for a quiz or chapter 
test, review this list. It is helpful to 
write out the definitions of the 
terms that are new to you. 


First, note that for an x-value of 3, g(3) = (3 — 3)* = 0. As we increase 
x-values from 3, note that the corresponding y-values increase. Then as we 
decrease x-values from 3, note that the corresponding y-values increase again. 
The line x = 3 is the line of symmetry. Equal distances of x-values to the left and 
right of the vertex produce the same y -values. ) 


EXAMPLE 3. Graph: ¢(x) = (x + 3)’. 
We choose some values for x and compute f(x). Then we plot the points 
and draw the curve. 


ws! VA 
r(x) = (e+ 3)? 69} foo 
=3 0 < Vertex t(x) = (x +3)* 
=2: 1 
=] 4 
0 9 
—4 1 
—5 4 
6 9 (-4, 1) i) = 
—4 /\-2 2.4 x 
N Vertex: (—3, 0) 


First, note that for an x-value of —3, t(—3) = (—3 4 3)2 = 0. As we 
increase x-values from —3, note that the corresponding y-values increase. 
Then as we decrease x-values from —3, note that the y-values increase again. 
The line x = —3 is the line of symmetry. I 


The graph of g(x) = (x — 3)* in Example 2 looks just like the graph of 
f(x) = x? in Example 1, except that it is moved, or translated, 3 units to the 
right. Comparing the pairs for g(x) with those for f(x), we see that when an 
input for g(x) is 3 more than an input for f(x), the outputs are the same. 


&V 


1 
x=3, Vertex: (3, 0) Vertex: (—3, 0) 


The graph of t(x) = (x + 3)* = [x — (—3)]* in Example 3 looks just like 
the graph of f(x) = x* in Example 1, except that it is moved, or translated, 
3 units to the left. Comparing the pairs for t(x) with those for f(x), we see that 
when an input for ¢(x) is 3 less than an input for f(x), the outputs are the same. 
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GRAPHS OF f(x) = a(x — h)? 


The graph of f(x) = a(x — h)* has the same shape as the graph of 
y= ae, 

If h is positive, the graph of y = ax? is shifted h units to the right. 
If his negative, the graph of y = ax? is shifted |h| units to the left. 
The vertex is (h, 0), and the line of symmetry is x = h. 


) EXAMPLE 4 Graph: f(x) = —2(x + 3)?. 


We first rewrite the equation as f(x) = —2[x — (—3)]*. In this case, 
a = —2 and h = —3, so the graph looks like that of g(x) = 2x? translated Graph. Find and label the vertex and 
3 units to the left and, since —2 < 0, the graph opens down. The vertex is the line of symmetry. 
(—3, 0), and the line of symmetry is x = —3. Plotting points as needed, we 1 
obtain the graph shown below. 4. f(x) = 5(% — 4)? 
y y 
ee. A 18 
x=-3 | es I a 
< Vertex 13 ; 
Vertex: (—3, 0) | ae I g(x) = 2x” a 
<I v7 = 


> 
-8-7-6-5-4 why 123 4 x 


fF) = -2(x + 3)? 


i 
| Do Exercises 4 and 5. 


(¢) Graphs of f(x) = a(x — h)? + k 


Given a graph of f(x) = a(x — h)*, what happens if we add a constant k? 
Suppose that we add 2. This increases each function value f(x) by 2, so the 
curve is moved up. If k is negative, the curve is moved down. The line of sym- 
metry for the parabola remains x = h, but the vertex will be at (h, k), or 
equivalently, (h, f(h)). 

Note that if a parabola opens up (a > 0), the function value, or y-value, at 
the vertex is a least, or minimum, value. That is, it is less than the y-value at any 
other point on the graph. If the parabola opens down (a < 0), the function 
value at the vertex is a greatest, or maximum, value. 


Answers 


y 
x=h 
5. 
k a 
| (h, kK) 
| Minimum: k 
h x i% 
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CHAPTER 7 


fx) = (x= 3)? = 5 


OrFNDOMT BW 


GRAPHS OF f(x) = a(x — h)2 +k 


The graph of f(x) = a(x — h)? + khas the same shape as the graph of 
y = a(x — h)?. 

If kis positive, the graph of y = a(x — h)? is shifted k units up. 

If k is negative, the graph of y = a(x — h)* is shifted |k| down. 

The vertex is (h, k), and the line of symmetry is x = h. 


For a > 0, kis the minimum function value. For a < 0, kis the 
maximum function value. 


EXAMPLE 5. Graph f(x) = (x — 3)* — 5, and find the minimum function 
value. 


The graph will look like that of g(x) = (x — 3)* (see Example 2) but trans- 
lated 5 units down. You can confirm this by plotting some points. For 
instance, 


{@ +@-3P-s>=4 


whereas in Example 2, 
FC aa ae) ea 


Note that the vertex is (h, k) = (3, —5), so we begin calculating points on 
both sides of x = 3. The line of symmetry is x = 3, and the minimum function 
value is —5. 


—5 < Vertex 


Vertex: (3, —5) 
I 


Minimum: —5 


Quadratic Equations and Functions 


) EXAMPLE 6 Graph t(x) = 3(x — 3)* + 5, and find the minimum function 
value. 

The graph looks just like that of f(x) = 3x? but moved 3 units to the right 
and 5 units up. The vertex is (3, 5), and the line of symmetry is x = 3. We draw 
f(x) = 3x? and then shift the curve over and up. The minimum function 
value is 5. By plotting some points, we have a check. 


5 <- Vertex i 


Minimum: 5 


L = Graph. Find the vertex, the line of 
3 symmetry, and the maximum or 
) minimum y-value. 


6. f(x) = F(x Le eo 


) EXAMPLE 7 Graph f(x) = —2(x + 3)* + 5. Find the vertex, the line of 
symmetry, and the maximum or minimum value. 


We first express the equation in the equivalent form 


f(x) = -2[x — (-3)F + 5. 


The graph looks like that of g(x) = —2x* translated 3 units to the left and 
5 units up. The vertex is (—3, 5), and the line of symmetry is x = —3. Since 
—2 < 0, we know that the graph opens down so 5, the second coordinate of 
the vertex, is the maximum y-value. 

We compute a few points as needed and draw the graph. 


—3 5 <= Vertex 
—2 3 
= =3 
—-4 5 
=5 =3 
Answers 
YA 7 
es] 
x= 3 9 
I 8 
Maximum: 5 I 7 
I 
| 6 
Vertex (—3, 5) 5 
78) 2, -4) 
4 y= 27") Minimum: —4 
3 
fo) = -2(x+ 3)? +5 9 
i) 
+e 
-9-8 -7-6-5f-4 ‘(yl 2345  X 
1 
ry 
2fony ae 
3 oe x 
\ 
Y ) 


Do Exercises 6 and 7. f() = -2(x— 5)? +3 


7.5 Graphing f(x) = a(x -—h)? +k 629 


For Extra Help > 
[| Mathé xp [s G Y 
0.5 Exercise Set MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
(a) j (b) Graph. Find and label the vertex and the line of symmetry. 
1. f(x) = 4x? 2. f(x) = 5x? 
ZN YA 
fie) fie) 
5 25 
0 0 i 
3 3 
2 2 
1 1 1 1 
> > 
2 -5-4-3-2-1,[ 1 2345  % 2 -5-4-3-2-1,[ 12345  % 
19 =2 
13 -3 
=e 4 4 “4 
5 =5 
=2 =2 
ee S| 
Vertex: (> 2 5) Vertex: (___, ) 
Line of symmetry: x = ___ Line of symmetry: x = ___ 
3. f(x) = 5x? A. f(x) = ae 
VA ZN 
fs) fis) 
5 5 
4 4 
0 3 3 
2 2 
1 iT 1 1 
S-4-3-3-1.| 124458 | % S4-5-9-1,| 1 ea 48 | 
2 | fo REE =1 a =1 
+2 42 
= +3 _ +3 
‘i “4 : “4 
a) 5 
=) —2 
ee 
Vertex: ( ; ) Vertex: ( , ) 
Line of symmetry: x = ___ Line of symmetry: x = ___ 
5. f(x) = (x + 3)? 6. f(x) = (x + 1)? 
YA VA 
fe 
5 5 
-3 : = Pp 
3 3 
2 2 
—2 1 0 1 
ay eae aE a ne = 
=i -5-4-3-2-1,[ 1.2.3.4.5 . % l -5-4-3-2-1,[ 1.2345 9% . 
+2 -2 i 
+3 “3 g 
af ss -—2 ia g 
a) 5 z 
=5 i -3 5 
er  ) 5 
Vertex: (___, ) Vertex: (___, ) S 
Line of symmetry: x = ___ Line of symmetry: x = ___ ¢ 
= 
i 
8 
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7. f(x) = —4x? 
YA 
5 
4 
3 
2 
1 
-5-4-3-2-1,[ 123.45 > % 
+2 
+3 
“4 
=) 
Vertex: (___, ) 


Line of symmetry: x = ___ 


10. f(x) = —4x? 


YA 
5 
4 
3 
2 
1 
> 
-5-4-3-2-1,| 12.3.4.5 |) % 
+2 
+3 
“4 
-5 
Vertex: ( ; ) 


Line of symmetry: x = ___ 


12345 


Vertex: (___, ) 
Line of symmetry: x = ___ 


y 
5 
4 
3 
2 
1 
-5-4-3-3-1,[ 12345 x 
+2 
43 
-4 
£5 
Vertex: ( ; ) 


Line of symmetry: x = ___ 


> 
12345 % 


Vertex: (___, ) 
Line of symmetry: x = ___ 


ZN 
5 
4 
3 
2 
1 
> 
-5-4-3-2-1,[ 123.45 > % 
2 
3 
4 
5 
Vertex: ( ; ) 


Line of symmetry: x = ___ 


13. f(x) = —2(x + 2)2 
2, 
=3 
—l 
—4 
0 
Vertex: ( ; ) 


Line of symmetry: x = ___ 


> 
12345 :x 


Vertex: ( 
Line of symmetry: x = ___ 


12345 


) 


’ 
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12345 =°% 


17. f(x) = —3(x + 2)? 


YA y VA 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 ie] 1 

> > 

574737271, 12345 x ~5r4737271) 12345 % 574737271) 123.45 x 
-2 =2 =2 
—3 =3 =3 
-4 -4 -4 
ra) =5 =5 


(c) Graph. Find and label the vertex and the line of symmetry. Find the maximum or minimum value. 


19. f(x) = (x - 3)? +1 
YA 
5 
4 
3 
2 
1 
-5-4-3-2-1,| 12.3.4.5 i) % 
2 
43 
“4 
45 
Vertex: ( ; ) 
Line of symmetry: x = ___ 
Minimum value: ___ 


23. f(x) =3(x+1)2 +4 


12345 :xXx 


Vertex: ( ) 
Line of symmetry: x = ___ 
value: 


’ 


Skill Maintenance 


Multiply and simplify. Assume that no radicands were formed by raising negative numbers to even powers. 


27. W5x3y9W/125x2y3 
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20. f(x) = (x + 2)* - 3 21. f(x) = -3(x + 4)? +1 
y YA 
5 5 
4 4 
3 3 
2 2 
1 1 
> > 
-5-4-3-2-1,[ 123.45 9% (-5-4-3-2-1,[ 12345 % 
7) =2 
+3 “3 
“4 -4 
+5 “5 
Vertex: ( ; ) Vertex: ( ; ) 
Line of symmetry: x = ___ Line of symmetry: x = ___ 
Minimum value: —___ Maximum value: —__ 


24. f(x) = -2(x — 5)? - 3 


123 45 


Vertex: ( ) 
Line of symmetry: x = ___ 
value: ___ 


, 


Quadratic Equations and Functions 


x 


25. f(x) = -(x + 1)*- 2 


12345 % 


Vertex: ( ) 
Line of symmetry: x = ___ 
value: 


’ 


28. V9a°V 16ab* 


22. f(x) = -3(x - 1)? - 3 


VA 
5 
4 
3 
2 
1 
=5-4-3-2-1,| 1.2.3 4.5 5% 
+2 
+3 
-4 
45 
Vertex: ( j ) 
Line of symmetry: x = ___ 
Maximum value: —___ 


12345 =% 


Vertex: ( ) 
Line of symmetry: x = ___ 
value: 


) 


[6.3a] 
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(a) Analyzing and Graphing f(x) = ax* + bx +¢ 


By completing the square, we can begin with any quadratic polynomial 
ax* + bx + cand find an equivalent expression a(x — h)* + k. This allows 
us to combine the skills of Sections 7.1 and 7.5 to analyze and graph any 
quadratic function f(x) = ax* + bx +c. 


EXAMPLE 1 For f(x) = x? — 6x + 4, find the vertex, the line of symmetry, 
and the maximum or the minimum value. Then graph. 


We first find the vertex and the line of symmetry. To do so, we find 
the equivalent form a(x — h)* + k by completing the square, beginning 
as follows: 


f(x) =x? -6x+4=(x*-6x )+4. 


We complete the square inside the parentheses, but in a different manner 
than we did before. We take half the x-coefficient, —6/2 = —3, and square 
it: (-3)2 = 9. Then we add 0, or 9 — 9, inside the parentheses. (Because we 
are using function notation, instead of adding (b/2)? on both sides of an 
equation, we add and subtract it on the same side, effectively adding 0 and 
not changing the value of the expression.) 


f(x) = (x? - 6x +0) +4 Adding 0 
= (x? -6x+9-9)+4 Substituting 9 — 9 for 0 
= (x? — 6x +9) +(-9+4) — Using the associative law 
of addition to regroup 

=(x-3)*-5 Factoring and simplifying 
(This equation was graphed in Example 5 of Section 7.5.) The vertex is (3, —5), 
and the line of symmetry is x = 3. The coefficient of x? is 1, which is positive, 
so the graph opens up. This tells us that —5 is the minimum value. We plot the 


vertex and draw the line of symmetry. We choose some x-values on both sides 
of the vertex and graph the parabola. Suppose we compute the pair (5, —1): 


f(5) = 5% — 6(5) +4. = 25-304+4=-1. 


We note that it is 2 units to the right of the line of symmetry. There will 
also be a pair with the same y-coordinate on the graph 2 units to the left of 
the line of symmetry. Thus we get a second point, (1, —1), without making 
another calculation. 


< Vertex (ree 


J. =@-3P-5 


Minimum: —5 


SKILL TO REVIEW 
Objective 2.5a: Graph linear 
equations using intercepts. 


Find the intercepts and then graph 
the line. 
13x-y=3 

2. 2x + 4y = -8 


Answers 

Skill to Review: 

1. y-intercept: (0,—3); 2. y-intercept: (0, —2); 
x-intercept: (1, 0) x-intercept: (—4, 0) 


y 
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Do Exercise 1. 


1. For f(x) = x? — 4x + 7, find the 
vertex, the line of symmetry, 


and the maximum or the ) EXAMPLE 2 Forf(x) = 3x* + 12x + 13, find the vertex, the line of 
minimum value. Then graph. symmetry, and the maximum or the minimum value. Then graph. 

Since the coefficient of x? is not 1, we factor out 3 from only the 

first two terms of the expression. Remember that we want to get to 


the form f(x) = a(x — h)* + k: 
f(x) = 3x2 + 12x + 13 
= 3(x* + 4x) + 13. Factoring 3 out of the first two terms 


Next, we complete the square inside the parentheses: 


f(x) = 3(x? + 4x ) + 13. 


We take half the x-coefficient,  - 4 = 2, and square it: 2 = 4. Then we 


Vertex: (__., ) add 0, or 4 — 4, inside the parentheses: 
Line of symmetry: x = 
Minimum value: f(x) = 3(x2 + 4x + 0) + 13 Adding 0 
= 3(x* + 4x+4-4)+13 Substituting 4 — 4 for 0 
SS 
= 3(x2 + 4n + 4-4) + 13 ; deed 
———_.——_ Using the distributive 
Sine nee law to separate —4 
from the trinomial 
= 3(x? + 4x + 4) + 3(-4) + 13 
= B(x? + 4x + 4) — 12 +13 
= 3(x+ 2)? +1 Factoring and simplifying 
2. For f(x) = 3x2 — 24x + 43, find = 3[x — (-2)}2 +1. 
the vertex, the line of symmetry, 
and the maximum or the The vertex is (—2, 1), and the line of symmetry is x = —2. The coeffi- 
minimum value. Then graph. cient of x? is 3, so the graph is narrow and opens up. This tells us that 
1 is the minimum value of the function. We choose a few x-values on 
f(x) one side of the line of symmetry, compute y-values, and use the result- 
ing coordinates to find more points on the other side of the line of 
symmetry. We plot points and graph the parabola. 
YA 
< Vertex 
7 
fd) = 3x7 + 12x4+ 13 6 
= 3(x+ 2)? +1 : 
Vertex: ( ; ) (-1,4) 
: Ay 
Line of symmetry: x = (—3, 4) 4 
Minimum value: ___ Minimum: 1 xe 4 
—_1___ —— = 
-9-8-7-6-5-4-3 eee 12 3 x 
x= | 3 
Answers I 
1 2. ) 


Do Exercise 2. 


fy Minimum: 3 Vertex: = 
| (4, —5) <4 
x= 2 Minimum: —5+ 
f() =x? -4x4+7 i 
=(x—-2)243 f(x) = 3x? — 24x 4+ 43 


=3(x- 4)?-5 


634 CHAPTER 7 Quadratic Equations and Functions 


) EXAMPLE 3 For f(x) = —2x? + 10x — 7, find the vertex, the line of sym- 
metry, and the maximum or the minimum value. Then graph. 


Again, the coefficient of x? is not 1. We factor out —2 from only the first 
two terms of the expression. This makes the coefficient of x? inside the 
parentheses 1: 


f(x) = -2x* + 10x -—7 


= —2(x? - 5x) - 7. 
Next, we complete the square as before: 
f(x) = —2(x? — 5x )-7. 
We take half the x-coefficient, }(—5) = —3, and square it: (-3)? = 2 Then 
we add 0, or 2 — %, inside the parentheses: 
f(x) = -2(x? - 5x + B- 2) -7 Adding 0, or 2 — 2 


ee ae Using the distributive 
law to separate the — 2 


from the trinomial 


= 2(x a) +o. Factoring and 
simplifying 

The vertex is (3, 2), and the line of symmetry is x = 3. The coefficient of x? is 
—2, so the graph is narrow and opens down. This tells us that i is the maxi- 
mum value of the function. We choose a few x-values on one side of the line 
of symmetry, compute y-values, and use the resulting coordinates to find find the vertex, the line of sym- 
more points on the other side of the line of symmetry. We plot points and metry, and the maximum or the 
graph the parabola. minimum value. Then graph. 


3. For f(x) = —4x? + 12x — 5, 


F 5 1 
7 < Vertex eA? 2,5) 
3 4 fl) = -2x2 + 10x-7 
: 3 = -2(r— 524 
2 
9 a, (4, 1) 
Sai ae ae cae 3 445 6 7 8 9 x 
- Vertex ——— =) 
3 Line of symmetry: 
4 a 
-5 Maximum 
~6 value= 


Do Exercise 3. Answer 


f(x) = —4x2 4+ 12x-5 
= -4v— 3)? +4 
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BEGINNING TO STUDY FOR 
THE FINAL EXAM 


It is never too soon to begin to 
study for the final examination. 
Take a few minutes each week to 
review the highlighted informa- 
tion, such as formulas, properties, 
and procedures. Make special use 
of the Mid-Chapter Reviews, 
Summary and Reviews, Chapter 
Tests, and Cumulative Reviews. 
The Cumulative Review for 
Chapters 1-9 is a sample final 
exam. 


Find the vertex of each parabola 
using the formula. 


4, f(x) =x? -6x+4 
5. f(x) = 3x2 — 24x + 43 


6. f(x) = —4x2 + 12x -5 


Answers 
4. (3,-5) 5. (4,-5) 6. (3,4) 


The method used in Examples 1-3 can be generalized to find a formula 
for locating the vertex. We complete the square as follows: 


f(z) = ax? + be + € 


= af x? 2x) + ¢ 
a 
b2 b2 


b . b b? 
Half of the x-coefficient, —, is —. We square it to get —; and add —, — —,; 
a’ 2a 4a” 4a* 4a? 


Factoring a out of the first two terms. 
Check by multiplying. 


inside the parentheses. Then we distribute the a: 


ft) = a(x? ae - =) re 


a 4a2 Aa? 
ee 
ee Using the 
distributive law 
2 1 b 1 b? { b? | 

a\x T Kot 2 ra 2 FG 

a 4a 4a 
_ al _»b _—b? _ 4ac Factoring and finding a 
T 2 T 


4a 4a common denominator 


all _ 4ac — b? 


2a 4a 


| 

Q 
——=I 

eS 
aa 


Thus we have the following. 


VERTEX; LINE OF SYMMETRY 


The vertex of a parabola given by f(x) = ax* + bx + cis 


(_btae=t) 4, (4 (2) 
2a’ Aa , 2a’ 2a) ) 


The x-coordinate of the vertex is —b/(2a). The line of symmetry is 


x = —b/(2a). The second coordinate of the vertex is easiest to find by 
. b 
computing f' ( 2), 


Let’s reexamine Example 3 to see how we could have found the vertex 
directly. From the formula above, 


b 1 
the x-coordinate of the vertex is = Be am 
2a s-2(-2) 2 
Substituting 3 into f(x) = —2x* + 10x — 7, we find the second coordinate of 
the vertex: 
5 5 5 
f(z) = —2(3)? + 10(3) — 7 
= =2(8) +25-7 
25 4 25 , 36 _ ll 
=-S419=-$+4+%=4. 


The vertex is Gi ae The line of symmetry is x = 3. 


We have developed two methods for finding the vertex. One is by com- 
pleting the square and the other is by using a formula. You should check with 
your instructor about which method to use. 


Do Exercises 4-6. 
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(b) Finding the Intercepts 
of a Quadratic Function 


The points at which a graph crosses an axis are called intercepts. We determine 
the y-intercept by finding f(0). For f(x) = ax* + bx + c, f(0) = a- 0? + 
b-0+c=c,so the y-intercept is (0, c). 

To find the x-intercepts, we look for values of x for which f(x) = 0. For 
f(x) = ax* + bx + c, we solve 


0 =ax2+bxt+e. 


y-intercept f(x) = ax? + bx tc 


(0, c) 
x-intercepts 


EXAMPLE 4 Find the intercepts of f(x) = x” — 2x — 2. 


The y-intercept is (0,f(0)). Since f(0) = 0* - 2-0-2 = -2, the 
y-intercept is (0, —2). To find the x-intercepts, we solve 


0 = x2 — 2x - 2. 


Using the quadratic formula, we have x = 1 + V3. Thus the x-intercepts 
are(1 — V3,0) and(1 + V3, 0), or, approximately, (—0.732, 0) and (2.732, 0). 


Find the intercepts. 
7. f(x) = x2 + 2x - 3 
4+ f(x) =x? -2x-2 
) 8. f(x) = x2 + 8x + 16 
Do Exercises 7-9. 9. f(x) =x* -4x+1 
Answers 


7. y-intercept: (0, —3); x-intercepts: (—3, 0), (1, 0) 
8. y-intercept: (0, 16); x-intercept: (—4, 0) 

9. y-intercept: (0, 1); x-intercepts: (2 - V3, 0), 
(2 + V3, 0), or (0.268, 0), (3.732, 0) 
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Visualizing 
for Success 


Match each equation or inequality with 
its graph. 


ly=-(x-5)+2 
2. 2x + 5y = 10 
- 5x — 2y = 10 
. 2x — Sy = 10 


~y=(G— 5)? =2 


- 5x + 2y = 10 
- 5x + 2y = —-10 
~y< 5x 


10. y= -(x + 5)* +2 


Answers on page A-27 


For Extra Help 
wine HG = 


Exercise Set 


MyMathLab 


PRACTICE 


WATCH 


DOWNLOAD 


READ 


REVIEW 


(a) For each quadratic function, find (a) the vertex, (b) the line of symmetry, and (c) the maximum or minimum value. 


Then (d) graph the function. 


1. f(x) = x2 — 2x - 3 


2. f(x) =x? + 2x-5 


a: YA 
x x x 
(ea ear) 
4 4 
3 3 
2 2 
1 1 
> 
-5-4-3-2-1,| 1 23 4 5 -5-4-3-2-1,| 12345 '% 
+2 +2 
+3 -3 
-4 “4 
+5 5 
ee Sf 
Vertex: ( ; ) Vertex: ( ; ) 
Line of symmetry: x = ___ Line of symmetry: x = ___ 
value: value: ___ 
3. f(x) = —x? — 4x -— 2 4. f(x) = —x* + 4x41 
VA VA 
x x x 
ea | Pet ne | 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,] 12.3.4 5 ~5—-4-3-2-1,| 12.3.4.5 3) % 
+2 +2 
43 43 
“4 -4 
+5 +5 
_——e er 
Vertex: ( j ) Vertex: ( ; ) 
Line of symmetry: x = ___ Line of symmetry: x = ___ 
value: value: ___ 
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5. f(x) = 3x* — 24x + 50 
VA 


> 
—5-4-3-2-1 12345 x 


Vertex: (__, ) 
Line of symmetry: x = 
value: 


8. f(x) = —2x2 + 2x +1 


> 
—5-4-3-2-1 12345 x 


Vertex: ( ) 
Line of symmetry: x = 
value: ___ 


, 


11. f(x) = 2x2 + 5x -— 2 


> 
—5-4-3-2-1 12345 x 


-2 
“3 
-4 
“5 
Vertex: ( , ) 
Line of symmetry: x = __ 
value: ___ 


6. f(x) = 4x2 + Bx +1 


ZN 


Nowe on 


> 
—5-4—3-—2-1 12345 x 


+2 
+3 
4 
-5 
Vertex: (___, ) 
Line of symmetry: x = ___ 
value: 


9. f(x) = 5 — x? 


y 
5 
4 
3 
2 
1 
> 
-5-4-3-2-1,] 12345 9% 
-2 
“3 
-4 
“5 
Vertex: ( ' ) 
Line of symmetry: x = ___ 
value: 


12. f(x) = —4x2 — 7x + 2 


qped23.45..5 


Vertex: ( ) 
Line of symmetry: x = __ 
value: 


’ 
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7. f(x) = —2x* — 2x +3 


> 
12345:% 


Vertex: (___, ) 
Line of symmetry: x = ___ 
value: 


> 
—5-4-3-2-1 12345 x 


Vertex: ( ) 
Line of symmetry: x = ___ 
value: ___ 


, 


Copyright © 2011 Pearson Education, Inc. 


(b) Find the x- and y-intercepts. 


13. f(x) = x2 - 6x +1 14, f(x) = x2 + 2x + 12 


17. f(x) = 4x2 + 12x + 9 18. f(x) = 3x2 - 6x + 1 


Skill Maintenance 


Solve. [5.8b] 


21. Determining Medication Dosage. A child’s dosage D, 
in milligrams, of a medication varies directly as the 
child’s weight w, in kilograms. To control a fever, a 
doctor suggests that a child who weighs 28 kg be 
given 420 mg of analgesic medication. Find an equation 
of variation. 


15. f(x) = —x* + x + 20 16. f(x) = —x* + 5x + 24 


19. f(x) = 4x2 —x +8 20. f(x) = 2x2 + 4x -1 


22. Calories Burned. The number C of calories burned 
while exercising varies directly as the time f£, in minutes, 
spent exercising. Harold exercises for 24 min ona 
StairMaster and burns 356 calories. Find an equation 
of variation. 


Find the variation constant and an equation of variation in which y varies inversely as x and the following are true. [5.8c] 


23. y = 125 when x = 2 


24. y = 2whenx = 125 


Find the variation constant and an equation of variation in which y varies directly as x and the following are true. [5.8a] 


25. y = 125 when x = 2 


Synthesis 


rw ‘ 

27. ma Use the TRACE and/or TABLE features of a graphing 
calculator to estimate the maximum or minimum 
values of the following functions. 


a) f(x) = 2.31x? — 3.135x — 5.89 
b) f(x) = —18.8x? + 7.92x + 6.18 


Graph. 


29. f(x) = |x? - 1| 30. f(x) = |x? + 6x + 4| 


33. A quadratic function has (—1, 0) as one of its intercepts 
and (3, —5) as its vertex. Find an equation for the 
function. 


35. Consider 
x* x 38 
x)=—+ , 
f(x) aay 


Find the vertex, the line of symmetry, and the maximum 
or minimum value. Then draw the graph. 


26. y = 2whenx = 125 


28. lmsa Use the INTERSECT feature of a graphing calculator 
to find the points of intersection of the graphs of the 
functions. 


f(x) =x? + 2x+ 1, g(x) = -2x?- 4x +1 


31. f(x) = |x? - 3x - 4| 32. f(x) = |2(x - 3)? - 5 


34. A quadratic function has (4, 0) as one of its intercepts 
and (—1, 7) as its vertex. Find an equation for the 
function. 


36. Use only the graph in Exercise 35 to approximate the 
solutions of each of the following equations. 


x* x 38 x2 x 38 
Oe ee es By oo 
Veta 8 eta es 
x* x 38 
ae eee 
8 4 8 
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We now consider some of the many situations in which quadratic functions 
can serve as mathematical models. 


(a) Maximum-Minimum Problems 


We have seen that for any quadratic function f(x) = ax? + bx + c, the value 
of f(x) at the vertex is either a maximum or a minimum, meaning that either 
all outputs are smaller than that value for a maximum or larger than that 
value for a minimum. 


YA VA 
(x, f(2)) 
a>0 a<0O 
(x, f(x) 
x x 
(2) at the vertex f() at the vertex 
aminimum amaximum 


There are many applied problems in which we want to find a maximum 
or minimum value. If a quadratic function can be used as a model, we can 
find such maximums or minimums by finding coordinates of the vertex. 


EXAMPLE 1 Bordered Garden. Millie is planting a garden to produce 
vegetables and fruit for the local food bank. She has enough raspberry plants 
to edge a 64-yd perimeter and wants to maximize the area within to plant the 
most vegetables possible. What are the dimensions of the largest rectangular 
garden that Millie can enclose with the raspberry plants? 


1. Familiarize. We first make a drawing and label it. We let / = the length 
of the garden and w = the width. Recall the following formulas: 


Perimeter: 21] + 2w; 
Area: l- w. 


To become familiar with the problem, let’s choose some dimensions 
(shown at left) for which 2/ + 2w = 64 and then calculate the correspond- 
ing areas. What choice of / and w will maximize A? 


Quadratic Equations and Functions 


2. Translate. We have two equations, one for perimeter and one for area: 
21+ 2w = 64, 
A=I1-w. 


Let’s use them to express A as a function of / or w, but not both. To 
express A in terms of w, for example, we solve for / in the first equation: 


21+ 2w = 64 
21 = 64 — 2w 
ce Ra 
2 
= 32 — w. 


Substituting 32 — w for I, we get a quadratic function A(w), or just A: 


A = lw = (32 — w)w = 32w — w? = —w? + 32w. 


3. Carryout. Note here that we are altering the third step of our five-step 
problem-solving strategy to “carry out” some kind of mathematical ma- 
nipulation, because we are going to find the vertex rather than solve an 
equation. To do so, we complete the square as in Section 7.6: 


A=-—w? + 32w This is a parabola opening down, iekencedelnitandaeNetaunrenhias 
so a maximum exists. 100 yd of fencing. What are the 
= -1(w? — 32w) Factoring out —1 dimensions of the largest rectan- 


gular pen that the farmer can 
enclose? 


= —1(w? — 32w + 256 — 256) = 3(-32) = —16; (—16)? = 256. 
= We add 0, or 256 — 256. 


= —1(w* — 32w + 256) + (—1)(—256) Using the distributive law 
—(w — 16)* + 256. 


The vertex is (16, 256). Thus the maximum value is 256. It occurs when 
= l6and/ = 32 w = 32 16 = 16. 


4. Check. We note that 256 is larger than any of the values found in the 
Familiarize step. To be more certain, we could make more calculations. 
We leave this to the student. We can also use the graph of the function to 
check the maximum value. 


(16, 256) 


Maximum: 256 To familiarize yourself with the 
problem, complete the following 


A(w) = —(w— 16)? + 256 table. 


5. State. The largest rectangular garden that can be enclosed is 16 yd by 
16 yd; that is, it is a square with sides of 16 ft. ) 


Do Exercise 1. 


Answer 
1. 25 yd by 25 yd 
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Ee Calculator Corner 


Maximum and Minimum Values We can use a graphing calculator to find the maximum or minimum value of a 
quadratic function. Consider the quadratic function in Example 1,4 = —w* + 32w. First, we replace w with x and A with y and graph the 
function in a window that displays the vertex of the graph. We choose [0, 40, 0, 300], with Xscl = 5 and Yscl = 20. Now, we press Gp 
ead o Va UO GB to select the maximum feature from the catc menu. We are prompted to select a left bound for 
the maximum point. This means that we must choose an x-value that is to the left of the x-value of the point where the maximum occurs. 
This can be done by using the left- and right-arrow keys to move the cursor to a point to the left of the maximum point or by keying in an 
appropriate value. Once this is done, we press Gig. Now, we are prompted to select a right bound. We move the cursor to a point to the 
right of the maximum point or key in an appropriate value. 


y = —x* + 32x y= —x* + 32x 
300 300 
VY1=—X2 + 32x CES 32X 
LeftBound? RightBound? 
0 \K=10.638298 _Y=227.25215,] 49 0 \K=20.851064_Y=232.46718,) 49 
0 0 
Xscl = 5 Yscl = 20 Xscl = 5 Yscl = 20 


We press G@ugp again. Finally, we are prompted to guess the x-value at which the maximum occurs. We move the cursor close to the 
maximum or key in an x-value. We press GUD a third time and see that the maximum function value of 256 occurs when x = 16. (One or 
both coordinates of the maximum point might be approximations of the actual values, as shown with the x-value below, because of the 
method the calculator uses to find these values.) 


y = —x? + 32x y= —x* + 32x 
300 300 
Y1=—X2 4 32K 
yd 


Guess? Maximum 
0 (K=15.744681_Y=255.93481_} 49 0 K=15.999999___ Y=256 40 
0 


0 


To find a minimum value, we select item 3, “minimum,” from the CALC menu by pressing QC) @) of ED OL GB. 
Exercises: Use the maximum or minimum feature on a graphing calculator to find the maximum or minimum value of each function. 
l. y = 3x2 — 6x +4 
2.y = 2x2 + x45 
3. y= —x? + 4x +2 
4, y = —4x* + 5x-—1 
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(b) Fitting Quadratic Functions to Data 


As we move through our study of mathematics, we develop a library of func- 
tions. These functions can serve as models for many applications. Some of 
them are graphed below. We have not considered the cubic or quartic func- 
tions in detail other than in the Calculator Corners (we leave that discussion 
to a later course), but we show them here for reference. 


Linear function: Quadratic function: Quadratic function: 
f(x) = mx+b f(x) = ax? + bx +6, a>0 fl) = ax? + bx +6, a<0 


Absolute-value function: Cubic function: Quartic function: 


bx? 4 


cx? + dx+e, a>0 


7 


f(x) =|x| fl = ax? + bx* + cx+ d, a>0 f@ 


Now let’s consider some real-world data. How can we decide which type 
of function might fit the data of a particular application? One simple way is to 
graph the data and look for a pattern resembling one of the graphs above. For 
example, data might be modeled by a linear function if the graph resembles a 
straight line. The data might be modeled by a quadratic function if the graph 
rises and then falls, or falls and then rises, in a curved manner resembling a 
parabola. For a quadratic, it might also just rise or fall in a curved manner as 
if following only one part of the parabola. 

Let’s now use our library of functions to see which, if any, might fit certain 
data situations. 


EXAMPLES Choosing Models. For the scatterplots and graphs below, 
determine which, if any, of the following functions might be used as a model 
for the data. 

Linear, f(x) = mx + b; 

Quadratic, f(x) = ax* + bx + c,a> 0; 

Quadratic, f(x) = ax* + bx + ca < 0; 


Polynomial, neither quadratic nor linear 


Population 
(in millions) 
ono SS 

| 

a 

a 


o 
iS} 
» 
a 
0 
tad 


Year 


The data rise and then fall in a curved manner fitting a quadratic func- 
tion f(x) = ax? + bx +ca<0. 
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Choosing Models. 
scatterplots in Margin Exercises 
2-5, determine which, if any, of the 


For the 


following functions might be used 
as a model for the data. 


Linear, f(x) = mx + b; 


Quadratic, f(x) = ax* + bx +, 
aQ.0; 
Quadratic, f(x) = ax* + bx +c, 
Ga—n0; 
Polynomial, neither quadratic 
nor linear 
25 ey 
a 
n oO 8 
<2 " 
ag 47a a” 
q 0 a i 1 
Se 5 10 % 
Year 
350 
a 
8 
22 le 
oS | 4 """menaa, 
& @ ! 
= 5 10 x 
Year 
4. .Yy 
a | 
ca on 
@ gio 7 Dog 
S 0 LJ ! L \ 
= *0 2 4 6 
Year 
5. uy 
gE g 
Bes ° clei ls ate 
5 > 60 
Sig 40 
ge 2 
= 0 1 1 1 1 1 1 
ieee 
Shoe size 


SOURCE: Orthopedic Quarterly 


Answers 


2. f(x) = ax? + bx +c,a>0 
4. Polynomial, neither 


3. f(x) = mx+b 


quadratic nor linear 


quadratic nor linear 
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5. Polynomial, neither 


cB” 

—i-  e 

a | | 

ae 5 10 x 
Year 


The data seem to fit a linear function f(x) = mx + b. 


age’ . 

og 

‘© -s 10 

3% : 

B— ° ‘ = rl] 

c a 1 i 

a. 0 

—~ 0 2 4 6 x 
Year 


The data rise in a manner fitting the right side of a quadratic function 
f(x) = ax* + bx +c,a>0. 


Household Gas Bill from February 2008 through January 2009 


Cost 


The data fall and then rise in a curved manner fitting a quadratic func- 
tion f(x) = ax? + bx +ca>0. 


Average Number of Motorcyclists Killed per Hour on the Weekend 


¥ 
“a AN 


a) 

s 

oe / ar 

as . ¢ 

ge Y le 

are » j 

aco ~ 

vo Pam 4) 

y Y 

o : 

= Sey 

xq ae 

eo” ot oe TN 
FOO OS SESS OEP PP PP PP PP OP PS 
a TOS TONS OOPS Vea COM CI NOS Y 
VSO OOOO OOOO TOT OO OOOO OOOO OD 
SSSSHOSSSSSLFLSTSTSSSSS SSE HS 
SSS SSS SSeS Ss SF Oe S, SS SHS SES Sue OS 
oe yo eS aS Tt ke So eo SS 
SN OAS SN 
Time of Day 


SOURCE: Motor Vehicle Crash Data from FARS and GES 


The data fall, then rise, then fall again. They do not appear to fit a linear 
or quadratic function but might fit a polynomial function that is neither 
quadratic nor linear. 


Do Exercises 2-5. 


Quadratic Equations and Functions 


Whenever a quadratic function seems to fit a data situation, that function 
can be determined if at least three inputs and their outputs are known. 


EXAMPLE 7 Canoe Depth. The drawing below shows the cross 
section of a canoe. Canoes are deepest at the middle of the center line, 
with the depth decreasing to zero at the edges. Lou and Jen owna 
company that specializes in producing custom canoes. A customer 
provided suggested guidelines for measures of the depths D, in inches, 
along the center line of the canoe at distances x, in inches, from the 
edge. The measures are listed in the table at right. 


x =distance from edge of canoe 
| a s | (in inches) 


x 
D(x) =depth of canoe 
(in inches) 


DISTANCE x FROM 
THE EDGE OF THE 
CANOE ALONG THE 
CENTER LINE 


a) Make a scatterplot of the data. (in inches) 


b) Decide whether the data seem to fit a quadratic function. 


c) Use the data points (0, 0), (18, 14), and (36, 0) to find a quadratic function 
that fits the data. 


d) Use the function to estimate the depth of the canoe 10 in. from the edge 
along the center line. 


a) The red squares shown below comprise the scatterplot. 


Canoe Depth 
y 
18- 
cn 
gob a 
3 12h oo ys 
- e = ty 
Ress x brs 
s 7 / LAN 
a 6 ne Ne 
ia) | 4% \ 
va \ 
L / \ 
7 a ¢ 
On Pop fp pp ds > 
6 12 18 24 30 36 x 


Distance from the edge of the canoe along the 
center line (in inches) 


b) The data seem to rise and fall in a manner similar to a quadratic function. 
The dashed black line in the graph represents a sample quadratic function 
of fit. Note that it may not necessarily go through each point. 


c) Weare looking for a quadratic function 
D(x) = ax? + bx +c. 
We need to determine the constants a, b, and c. We use the three data 
points (0, 0), (18, 14), and (36, 0) and substitute as follows: 
O=a-0?+b-0+¢6, 
14=a-187+b-18 +6, 
O=a-364+b-36+c. 
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DEPTH D OF 
THE CANOE 
(in inches) 
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6. Ticket Profits. Valley Commu- 
nity College is presenting a play. 
The profit P, in dollars, after 


x 


days is given in the following 


table. 


$—100 

560 

872 

870 

548 

—100 

—/ 
IP 
$1400 
1200 | 
= 1000+ 
‘© 800+ 
iat) 


PROFIT P 


1 1 1 | 1 
100 200 300 400 500 x 
Days 


a) Make a scatterplot of the 


data. 


b) Decide whether the data can 


Cc) 


be modeled by a quadratic 
function. 

Use the data points 

(0, —100), (180, 872), and 
(360, 548) to find a quadratic 
function that fits the data. 


d) Use the function to estimate 


the profits after 225 days. 


Answer 


6. (a) 


Profit 


(b) yes; 


PA 
$1400 + 
1200 + 
1000 + 
800 + 
600+ 4 
400 ++ 
200 + 

0 

+ 

—200 + 


100 200 300 400 be 500 x 
Days 
(c) f(x) = —0.02x2 + 9x — 100; 


(d) $912.50 
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After simplifying, we see that we need to solve the system 
0=6¢, 
14= 324a+ 18b+¢, 
0 = 1296a + 36b + c. 


Since c = 0, the system reduces to a system of two equations in two 
variables: 


14= 324a + 18b, (1) 
0 = 1296a + 36D. (2) 


We multiply equation (1) by —2, add, and solve for a (see Section 3.3): 


—28 = —648a — 36b 
0 = 1296a + 36b 


—28= 648a Adding 

—28 

rT a a Solving for a 
sine 

162 


Next, we substitute — is for ain equation (2) and solve for b: 


0 1296( : ) + 36b 
7 162) ° 


0 = —56 + 36b 
56 = 36b 


This gives us the quadratic function: 
7 


14 
D(x) = mica + 9% or 


D(x) © —0.043x? + 1.556x. 
d) To find the depth 10 in. from the edge of the canoe, we substitute: 
D(10) = —0.043(10)* + 1.556(10) = 11.26. 


At a distance of 10 in. from the edge of the canoe, the depth of the canoe is 
about 11.26 in. 


I D(x) = —0.043x? + 1.556x 


Do Exercise 6. 


Quadratic Equations and Functions 


3. Molding Plastics. 


Exercise Set 


(a) Solve. 


1. Architecture. An architect is designing a hotel with a 
central atrium. Each floor is to be rectangular and is 
allotted 720 ft of security piping around walls outside 
the rooms. What dimensions will allow the atrium to 
have maximum area? 


ae 


a 


wht iss: 


eeip~<PSa) 


Economite Plastics plans to produce 
a one-compartment vertical file by bending the long 
side of an 8-in. by 14-in. sheet of plastic along two lines 
to form a U shape. How tall should the file be in order to 
maximize the volume that the file can hold? 


_ 
] / i 


. Minimizing Cost. Aki’s Bicycle Designs has determined 
that when x hundred bicycles are built, the average cost 
per bicycle is given by 

C(x) = 0.1x2 — 0.7x + 2.425, 


where C(x) is in hundreds of dollars. How many bicycles 
should the shop build in order to minimize the average 
cost per bicycle? 


2. 


4. 


> 
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For Extra Help 


MyMathLab 


wary, TE 


PRACTICE WATCH DOWNLOAD 


READ REVIEW 


Stained-Glass Window Design. An artist is designing 
a rectangular stained-glass window with a perimeter of 
84 in. What dimensions will yield the maximum area? 


Patio Design. A stone mason has enough stones to 
enclose a rectangular patio with a perimeter of 60 ft, 
assuming that the attached house forms one side of the 
rectangle. What is the maximum area that the mason 
can enclose? What should the dimensions of the patio 
be in order to yield this area? 


Corral Design. A rancher needs to enclose two adja- 
cent rectangular corrals, one for sheep and one for 
cattle. If a river forms one side of the corrals and 180 yd 
of fencing is available, what is the largest total area that 
can be enclosed? 
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7. 


. Ticket Sales. 


Garden Design. A farmer decides to enclose a rec- 
tangular garden, using the side of a barn as one side 
of the rectangle. What is the maximum area that the 
farmer can enclose with 40 ft of fence? What should 
the dimensions of the garden be in order to yield this 
area? 


The number of tickets sold each day for 
an upcoming performance of Handel’s Messiah is 
given by 


8. 


10. 


Composting. Arectangular compost container is to be 
formed in a corner of a fenced yard, with 8 ft of chicken 
wire completing the other two sides of the rectangle. If 
the chicken wire is 3 ft high, what dimensions of the 
base will maximize the volume of the container? 


Stock Prices. The value of a share of a particular stock, 
in dollars, can be represented by V(x) = x? — 6x + 13, 
where x is the number of months after January 2009. 


What is the lowest value V(x) will reach, and when did 


N(x) = —0.4x? + 9x + 11, : : 
that occur? 


where x is the number of days since the concert was 


first announced. When will daily ticket sales peak and 
how many tickets will be sold that day? 


Maximizing Profit. Total profit P is the difference between total revenue R and total cost C. Given the following total-revenue 
and total-cost functions, find the total profit, the maximum value of the total profit, and the value of x at which it occurs. 


11. R(x) = 1000x — x”, 12. R(x) = 200x — x?, 
C(x) = 3000 + 20x C(x) = 5000 + 8x 


13. What is the maximum product of two numbers whose 14, What is the maximum product of two numbers whose 
sum is 22? What numbers yield this product? sum is 45? What numbers yield this product? 


15. What is the minimum product of two numbers whose 16. What is the minimum product of two numbers whose 
difference is 42 What are the numbers? difference is 6? What are the numbers? 


17. What is the maximum product of two numbers that add 18. What is the minimum product of two numbers that 
to —12? What numbers yield this product? differ by 92 What are the numbers? 


~ 

(b ) Choosing Models. For the scatterplots and graphs in Exercises 19-26, determine which, if any, of the following 
functions might be used as a model for the data: Linear, f(x) = mx + b; quadratic, f(x) = ax? + bx + c,a > 0; 
quadratic, f(x) = ax? + bx + c,a < 0; polynomial, neither quadratic nor linear. 


19. : Media Usage 20. Growth of 21. y Valley Community College 
World Wide Web Sites 

9.8 ia y gy Sar 2 
2 96+ ie @ i40b 7 ‘ 30pC 
m 94h 7 = 120+ B 257 : ' 
= _ =| 3 20+ = 
A 92-  o = 100+ es 
590, , | & 80+ : a ISP 
je} = m 
q 88r 5 60 . 2 107 

860 40+ So5L 

i fie if ge fe SB ool L 1 L L 1 L 1 
0 5 10 x q 7 ; ; ; 0 1 2 3 4 5 6 x 
Years since 1990 0 1 2 3 4 5 x Year 
Years since 1995 
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Average class size 


“yA Valley Community College 23. y Valley Community College 24, YA Demand for Earphones 
35 i » 60F 70 | 
a 
30+ - L = 50 T = 60 F 
| . 3 . . 3 sob 
25 gop. 2 
20 is Ca! = &.40- = 
15 jr & 30 - 8 30¢ 
a ws = | 
& 20h =) 
10+ @ A 20F 7 
a 
5b < 10F 10 7” 7 
1 i 1 | i i 1 i i i | 1 1 i 1 1 1 > 
0 1 2 3 4 5 6 x 0 1 2 3 4 5 6 x 0 1 2 3 4 5 6 x 
Year Year Quantity 


Number of adoptions 
(in thousands) 


Year 


SOURCE: Intercountry Adoption Office of Children's Issues, U.S. Department of State 


Find a quadratic function that fits the set of data points. 
27. (1,4), (-1, —2), (2, 13) 


29. 


(2, 0), (4, 3), (12, -5) 


31. Nighttime Accidents. 


a) Find a quadratic function that fits the following data. 


TRAVEL SPEED 
(in kilometers 
per hour) 


NUMBER OF NIGHTTIME ACCIDENTS 
(for every 200 million 
kilometers driven) 


60 
80 
100 


b) Use the function to estimate the number of nighttime 


accidents that occur at 50 km/h. 
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26. Hurricanes in the Atlantic Basin 


28 


30 


32 


Number of hurricanes 
e 


SOURCE: National Oceanic and Atmospheric Administration/ 
Hurricane Research Division 


(1,4), (-1, 6), (—2, 16) 


(—3, —30), (3, 0), (6, 6) 


Daytime Accidents. 
a) Find a quadratic function that fits the following data. 


TRAVEL SPEED 
(in kilometers 
per hour) 


NUMBER OF DAYTIME ACCIDENTS 
(for every 200 million 
kilometers driven) 


60 
80 
100 


b) Use the function to estimate the number of daytime 
accidents that occur at 50 km/h. 


651 


33. River Depth. Typically, rivers are deepest in the middle, 
with the depth decreasing to zero at the edges. A hydrol- 
ogist measures the depths D, in feet, of a river at 
distances x, in feet, from one bank. The results are listed 
in the table below. Use the data points (0, 0), (50, 20), 
and (100, 0) to find a quadratic function that fits the 
data. Then use the function to estimate the depth of the 
river at 75 ft from the bank. 


DISTANCE x 


DEPTH D 
FROM THE 
RIVERBANK | OF THE RIVER 


(in feet) (in feet) 


« = distance from left bank 
(in feet) “~~ 


Skill Maintenance 


34. Pizza Prices. Pizza Unlimited has the following prices 


for pizzas. 


Is price a quadratic function of diameter? It probably 
should be, because the price should be proportional to 
the area, and the area is a quadratic function of the 
diameter. (The area of a circular region is given by 

A = mr? or (77/4) « d2.) 


a) Express price as a quadratic function of diameter using 


the data points (8, 10), (12, 12.50), and (16, 15.50). 
b) Use the function to find the price of a 14-in. pizza. 


In each of Exercises 35-42, fill in the blank with the correct word(s) from the given list. Some of the choices may 


not be used. 
35. In the expression 5V2x — 9 + 3, the symbol V _ is called a(n) 


and 2x — 9 is called the 
[6.1a] 


36. When a system of two equations in two variables has infinitely 
many solutions, the equations are . [3.la] 


37. The degree of a term of a polynomial is the of 
the exponents of the variables. [4.1a] 


38. A consistent system of equations has 
[3.1a] 


39. The equation y = k/x, where kis a positive constant, is an equation 


of variation. [5.8c] 


40. When a system of two equations in two variables has one solution 


or no solutions, the equations are . [3.1a] 


41. If the exponents in a polynomial decrease from left to right, the 
polynomial is written in order. [4.1a] 


42. A(n) isapoint(a,0). [2.5a] 


Synthesis 


solution. 


at least one 
no 
dependent 
independent 
ascending 
descending 
direct 
inverse 
sum 
product 

x- intercept 
y-intercept 
radical 


radicand 


43. The sum of the base and the height of a triangle is 38 cm. Find the dimensions for which the area is a maximum, and find 


the maximum area. 
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Quadratic and Other 
Polynomial Inequalities 


Inequalities like the following are called quadratic inequalities: 


x2+3x-10<0, 5x*-3x+2=2=0. 


In each case, we have a polynomial of degree 2 on the left. We will solve such 
inequalities in two ways. The first method provides understanding and the 


second yields the more efficient method. 


The first method for solving a quadratic inequality, such as ax* + 
bx + c> 0, is by considering the graph of a related function, f(x) = 


ax? + bx +c. 


! EXAMPLE 1 Solve: x2 + 3x - 10> 0. 


Consider the function f(x) = x* + 3x — 10 and its graph. The graph 
opens up since the leading coefficient (a = 1) is positive. We find the 
x-intercepts by setting the polynomial equal to 0 and solving: 


x? + 3x-10=0 

(x + 5)(x — 2) =0 
x+5=0 or x-2=0 
x=-5 or x=2. 


4 6 8 1012 . 


fa) = x? +3x-10 


SKILL TO REVIEW 
Objective 1.4b: Write interval 
notation for the solution set or 
graph of an inequality. 


Write interval notation for the 


given set. 
1. {x|-3 < x = 10} 
2. {yly > 3} 


“> Positive y-values 


1. Solve by graphing: 


<——_Yy ae x2 + 2x-3>0. 


x-values: x-values: 
{x|x< —5}, or (—%,-5) — {x|x > 2}, or (2, ~) y 
give give 
positive positive 
y-values. y-values. 


Values of y will be positive to the left and right of the intercepts, as shown. 


Thus the solution set of the inequality is 


{xix < =Sorx> 2}, or (—co,=—5)U(Q, a), ) 


(Do Margin Exercise 1. anaes 


Skill to Review: 


We can solve any inequality by considering the graph of a related func- 1. (-3,10] 2. (—4, 00) 


tion and finding x-intercepts, as in Example 1. In some cases, we may need to 


use the quadratic formula to find the intercepts. 


Margin Exercise: 
1. {xlx < -3 orx > 1}, or (—00, —3) U(1, 0) 
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! EXAMPLE 2 Solve: x2 + 3x — 10 < 0. 


Looking again at the graph of f(x) = x” + 3x — 10 orat least visualizing 
it tells us that y-values are negative for those x-values between —5 and 2. 


fw = x? +3x—-10 


Solve by graphing. 
2 Oe ns a) 


x-values: 
{x|—5 < x < 2}, or (—5, 2) 
give 
negative 
y-values. 


The solution set is {x|—5 < x < 2}, or (—5, 2). U 


y 

5 Eioeed 

af When an inequality contains = or =, the x-values of the x-intercepts 
2 . . : . 

fs : must be included. Thus the solution set of the inequality x* + 3x — 10 = 0 


25e 2 | eeer 
ee) : : 


is {x|-5 = x = 2}, or[-5, 2]. 


= Do Exercises 2 and 3. 


He Calculator Corner 


Solving Polynomial Inequalities We can solve polynomial inequalities y=x2+3x-10 
graphically. Consider the inequality in Example 2, x2 + 3x — 10 < 0. We first graph the function 10 
f(x) = x2 + 3x — 10. Then we use the zero feature to find the solutions of the equation f(x) = 0, 


or x2 + 3x — 10 = 0. The solutions, —5 and 2, divide the number line into three intervals, —10 te 
(—0o, —5), (—5, 2), and (2, 00). 

Since we want to find the values of x for which f(x) < 0, we look for the interval(s) on which 
the function values are negative. That is, we note where the graph lies below the x-axis. This occurs in 
the interval (—5, 2), so the solution set is {x|—5 < x < 2}, or (—5,2). 

If we were solving the inequality x¢ + 3x — 10 > 0, we would look for the intervals on which the graph lies above the x-axis. We 
can see that x2 + 3x — 10 > O for {x|x < —5orx > 2}, or (—00, —5) U (2, 00), If the inequality symbol were = or =, we would 
include the endpoints of the intervals as well. 


Exercises: Solve graphically. 


1. x2+3x-4>0 2.x27-x-6<0 

3. 6x3 + 9x2 — 6x <= 0 4. x3 — 16x =0 
XX yy 
Answers 


2. {x|-3 < x < 1}, or (-3,1) 
3. {x|-3 < x = 1}, or[-3, 1] 
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We now consider a more efficient method for solving polynomial 
inequalities. The preceding discussion provides the understanding for this 
method. In Examples 1 and 2, we see that the x-intercepts divide the number 
line into intervals. 


2 4 3x-10>0 
Positive y-values 


x? +3x-10>0—” 
Positive y-values 


e+e 20” 
Negative y-values 


If a function has a positive output for one number in an interval, it will be 
positive for all the numbers in the interval. The same is true for negative 
outputs. Thus we can merely make a test substitution in each interval to solve 
the inequality. This is very similar to our method of using test points to graph 
a linear inequality in a plane. 


’ EXAMPLE 3 Solve: x2 + 3x — 10 <0. 


We set the polynomial equal to 0 and solve. The solutions of x? + 3x— 
10 = 0, or (x + 5) (x — 2) = 0, are —5 and 2. We locate the solutions on the 
number line as follows. Note that the numbers divide the number line into 
three intervals, which we will call A, B, and C. Within each interval, the values 
of the function f(x) = x* + 3x — 10 will be all positive or will be all negative. 


A B Cc 
A A 


We choose a test number in interval A, say —7, and substitute —7 for x in 
the function f(x) = x* + 3x — 10: 


f(-7) = (-7)* + 3(-7) - 10 
= 49-21-10=18. Thus, f(—7) > 0. 


Note that 18 > 0, so the function values will be positive for any number in 
interval A. 

Next, we try a test number in interval B, say 1, and find the corresponding 
function value: 


f(1) = 2 + 3(1) - 10 
=1+3-=-10=-6, Thus, f(1) <0. 


Note that —6 < 0, so the function values will be negative for any number in 
interval B. 
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Next, we try a test number in interval C, say 4, and find the corresponding 
function value: 


f(4) = 42 + 3(4) = 10 
=16+12-—10=18. Thus, f(4) > 0. 


Note that 18 > 0, so the function values will be positive for any number in 


interval C. 
A B C 
Dn ~ A. \ As 
+ ¢ = } + 
—5 2 


We are looking for numbers x for which f(x) = x? + 3x — 10 < 0. Thus 
any number x in interval B is a solution. If the inequality had been =, it would 
have been necessary to include the endpoints —5 and 2 in the solution set as 
well. The solution set is {x|—5 < x < 2}, or the interval (—5, 2). 


To solve a polynomial inequality: 
1. Get 0 on one side, set the expression on the other side equal to 0, 
and solve to find the x-intercepts. 
2. Use the numbers found in step (1) to divide the number line into 
intervals. 


3. Substitute a number from each interval into the related function. If 
the function value is positive, then the expression will be positive 
for all numbers in the interval. If the function value is negative, 
then the expression will be negative for all numbers in the interval. 

Solve using the method of 4. Select the intervals for which the inequality is satisfied and write 
Example 3. set-builder notation or interval notation for the solution set. 
4,x2 + 3x>4 


5.x2+ 3x54 Do Exercises 4 and 5. J 


| EXAMPLE 4 Solve: 5x(x + 3)(x — 2) = 0. 


The solutions of f(x) = 0, or 5x(x + 3) (x — 2) = 0, are 0, —3, and 2. They 
divide the real-number line into four intervals, as shown below. 


\ > 
oo 
re) 
Lo 


We try test numbers in each interval: 


A: Test-5,  f(—5) = 5(—5)(—5 + 3) (-5 — 2) = -350 <0. 


B: Test—2,  f(—2) = 5(-2)(-2 + 3)(-2 — 2) = 40> 0. 
C: Test 1, f(1) = 5(1) (1 + 3) (1 — 2) = -20 < 0. 
D: Test 3, f(3) = 5(3) (3 + 3) (3 — 2) = 90>0. 
A B GC D 
— Yavie 2 
=3 0 z 


Answers 


4, {x|x < —4o0rx > 1}, or (—©%, —4) U(1, 0) 
5. {x|-4 =x < 1}, or[-4,1] 
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The expression is positive for values of x in intervals B and D. Since the 
inequality symbol is =, we need to include the x-intercepts. The solution set 
of the inequality is 


{x|-3 = x = O0orx= 2}, or [—3,0]U[2, 00). 


We visualize this with the graph below. 


fle) = 5x(x + 3)(x— 2) ) 


Do Exercise 6. 


(b) Rational Inequalities 


We adapt the preceding method for inequalities that involve rational expres- 
sions. We call these rational inequalities. 


EXAMPLE 5 Solve: >> = 2 
x+A4 


We write a related equation by changing the = symbol to =: 


x-3 _ 
x+A4 


Then we solve this related equation. First, we multiply on both sides of the 
equation by the LCM, which is x + 4: 


(et 4)- 223 2 ee 4)-2 


x+4 
x-3=2x+8 
-ll =x. 


With rational inequalities, we also need to determine those numbers for 
which the rational expression is not defined—that is, those numbers that 
make the denominator 0. We set the denominator equal to 0 and solve: 
x+4=0, or x = —4. Next, we use the numbers —11 and —4 to divide the 
number line into intervals, as shown below. 


\ > 
> 
ae) 


We try test numbers in each interval to see if each satisfies the original 
inequality. 


6. Solve: 6x(x + 1)(x — 1) < 


Answer 
6. {xlx < -lor0 <x <1}, or 
(—09, -1) U (0, 1) 
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0. 


Answers 


7. {x2 <x< a or (2 


8. {x|x < 5orx > 10}, or (—c0, 5) U(10, ~) 
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A: Test —15, 22 
x+4 
=15.- 3 

—., #2 
-15+4 

= FALSE 
11 
Since the inequality is false for x = —15, the number —15 is not a solution of 


the inequality. Interval A is not part of the solution set. 


—3 
B: Test-8,  ——~=2 
x+4 
=8:-3 
22 
—8+4 
11 
ae TRUE 
4 
Since the inequality is true for x = —8, the number —8 is a solution of the 
inequality. Interval B is part of the solution set. 
C: Test 1, = >2 
x+4 
t= 3 
22 
14+4 
= FALSE 


Since the inequality is false for x = 1, the number 1 is not a solution of the 
inequality. Interval C is not part of the solution set. 

The solution set includes the interval B. The number — 11 is also included 
since the inequality symbol is = and —11 is a solution of the related equation. 
The number —4 is not included; it is not an allowable replacement because it 
results in division by 0. Thus the solution set of the original inequality is 


{x|—11 =x < —4}, or [-11,-4). 


A B Cc 
atk. Pez A 
i rf 
—— _ _-—o7—— 
-11 =4 ) 


To solve a rational inequality: 


1. Change the inequality symbol to an equals sign and solve the 
related equation. 


2. Find the numbers for which any denominator in the inequality is 
not defined. 


3. Use the numbers found in steps (1) and (2) to divide the number 
line into intervals. 


4. Substitute a number from each interval into the inequality. If the 
number is a solution, then the interval to which it belongs is part of 
the solution set. 


5. Select the intervals for which the inequality is satisfied and write 
set-builder notation or interval notation for the solution set. 


Do Exercises 7 and 8. 
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Exercise Set 


For Extra Help 


| ez G&G =| GZ 
MyMathLab fathé xp WATCH DOWNLOAD READ REVIEW 


(a) Solve algebraically and verify results from the graph. 


1. (x — 6) (x + 2) > 0 


2. (x -— 5)(x+1)>0 


Solve. 
5. 3(x + 1)(x — 4) <0 


9.x2-2x+12=0 


10. x2 + 6x +9<0 


6. (x — 7)(x + 3) <0 


7x27 -x-2<0 8.x27+x%-2<0 


ll. x27 +8 < 6x 12. x2 -— 12 > 4x 


13. 3x(x + 2)(x — 2) <0 14, 5x(x + 1)(x-1)>0 15. (x + 9)(x- 4)(x +1) >0 
16. (x — 1)(x + 8)(x- 2) <0 17. (x + 3)(x + 2)(x- 1) <0 18. (x — 2)(x — 3)(x+ 1) <0 
(b) Solve. 

19. <0 20. > 0 21,27 >0 22, = <0 

23, = <0 24, a 25,2 > 3 6. ~ <1 
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(x — 2)(x + 1) (x + 4)(x- 1) 


27. ———_—————_- < 0 28. ———————_ > 0 
x-5 x+3 
x = 5 
31. ——~— > 2 32. eo]: 
= 1 
1 
35. 3 < — 36. <2 
x x 


Skill Maintenance 


Simplify. [6.3b] 

[125 25 
39. a7 40. re 
Add or subtract. [6.4a] 


43. 3V8 — 5V2 
45. 5\/16a! + 7\/2a 


Synthesis 


47. asa Usea graphing calculator to solve Exercises 11, 22, 
and 25 by graphing two curves, one for each side of the 
inequality. 


Solve. 

49. x2 — 2x <2 50. x7 + 2x>4 
+2 

52. x4 + 3x2. <0 Se) 


54. Total Profit. Acompany determines that its total profit 
from the production and sale of x units of a product is 
given by 

P(x) = —x* + 812x — 9600. 

a) Acompany makes a profit for those nonnegative 
values of x for which P(x) > 0. Find the values of x 
for which the company makes a profit. 

b) Acompany loses money for those nonnegative values 
of x for which P(x) < 0. Find the values of x for 
which the company loses money. 


660 CHAPTER 7 Quadratic Equations and Functions 


29. 


33. 


37. 


41. 


44, 


46. 


48. 


55. 


+ 
BED 3s G 30," = 
x x-—2 
x= 1 0 3A wae 2 0 
(x — 3)(x+ 4) “(x — 2)(x + 7) 
2 = Qo 
RO KH 2 38. ~ lx + 30" G 
x*—x-12 x2 — 8x -—9 


16a 3| 27c° 
42. 
b4 343d 


7V45 — 2V20 
3V10 + 8V20 — 5V80 


asa Usea graphing calculator to solve each of the 
following. 


a) xt <0 b) x - Vx =0 


co) 4x3 -—x+2=0 


51. x4 + 2x2 >0 


Height of a Thrown Object. The function 
H(t) = —16t? + 32t + 1920 
gives the height H of an object thrown from a cliff 1920 ft 
high, after time ¢ seconds. 
a) For what times is the height greater than 1920 ft? 
b) For what times is the height less than 640 ft? 
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Summary and Review 


standard form, p. 580 
completing the square, p. 585 
quadratic formula, p. 594 
discriminant, p. 613 


Key Terms, Properties, and Formulas 


parabola, p. 624 

line of symmetry, p. 624 
axis of symmetry, p. 624 
vertex, p. 624 


minimum, p. 627 
maximum, p. 627 
quadratic inequality, p. 653 
rational inequality, p. 657 


Principle of Square Roots: x? = dhas solutions Vd and —Vd. 
—-btv b? — Aac 


2a 


Discriminant: b2 — 4ac 


Quadratic Formula: x 


b 4ac — b? b b 
— 24 i ] 
The vertex of the graph of f(x) = ax“ + bx + cis ( ae ), or ( ail >)). 


The line of symmetry of the graph of f(x) = ax* + bx + cisx = 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The graph of f(x) = —(—x2 — 8x — 3) opens downward. [{7.5a] 


2. If (—5, 7) is the vertex of a parabola, then x = —5 is the line ofsymmetry. [7.6a] 


3. The graph of f(x) = —3(x + 2)* — 5 isa translation to the right of the graph of 
f(x) = —3x? — 5. [7.5b] 


Important Concepts 
Objective 7.1a Solve quadratic equations using the principle of square roots. 


Example Solve: (x — 3)* = —36. Practice Exercise 


x-3=V-36 or x-3=-V-—36 1. Solve: (x — 2)? = -9. 
x=3+6i or x=3-6i 


The solutions are 3 + 6i. 

Objective 7.1b Solve quadratic equations by completing the square. 

Example Solve by completing the square: Practice Exercise 

x* — 8x +13 = 0. 2. Solve by completing the square: 
x* — 12x + 31=0. 


x* — 8x = -13 
x* — 8x + 16 = —-13+ 16 
(x — 4)? =3 


x-4= V3 or x-4=-V3 
x=4+4+ V3 or x=4-V3 
The solutions are 4 + V3. 


. 
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Objective 7.2a Solve quadratic equations using the quadratic formula, and approximate solutions 
using a calculator. 


Example Solve: x* — 2x = 2. Give the exact solutions and Practice Exercise 
approximate solutions to three decimal places. 3. Solve: x2 — 10x = —23. Give the exact 
x?—2x-—2=0 — Standard form solutions and approximate solutions to three 

a=1, b=-2, c=-2 decimal places. 

(-2) + V(-2)2-—4-1-(-2) Using the 

2-1 quadratic formula 
ea 2b VE 8 24V12 24 2V3 
2 2 2 


= 1+ V3, or 2.732 and —0.732 


Objective 7.4a Determine the nature of the solutions of a quadratic equation. 


Example Determine the nature of the solutions of the Practice Exercise 
7 7 2_ = : . 
quadratic equation x x= 1. 4. Determine the nature of the solutions of each 
In standard form, we have x2 — 7x — 1 = 0. Thus, quadratic equation. 
a=1,b = —7,andc = —1. The discriminant, b2 — 4ac, is a) x2 -3x=7 
(—7)* — 4- 1- (—1), or 53. Since the discriminant is posi- b) 2x2 — 5x +5=0 


tive, there are two real solutions. 


Objective 7.4b Write a quadratic equation having two given numbers as solutions. 


Example Write a quadratic equation whose solutions are Practice Exercise 
1 
7and — 4. 5. Write a quadratic equation whose solutions are —2 
x=7 or x=-} and 3. 

x-7=0 or x+4=0 

x-—7=0 or 4x+1=0 Clearing the fraction 
(x — 7) (4x +1) =0 Using the principle of 

zero products in reverse 
4x* — 27x -7=0 Using FOIL 


Objective 7.4c Solve equations that are quadratic in form. 


Example Solve: x — 8Vx — 9 = 0. Practice Exercise 
Let wu = Vx. Then we substitute u for Vx and uw? for x 6. Solve: 
and solve for u: (x2 — 3)? — 5(x2 - 3) -6=0. 


u* — 8u-9=0 
(u-9)(u+1)=0 
u=9 or u=-—l. 
Next, we substitute Vx for u and solve for x: 
Vx =9 or Vx=-l. 
Squaring each equation, we get 
x=81 or x=1. 


Checking both 81 and 1 inx — 8Vx — 9 = 0, we find that 
81 checks but 1 does not. The solution is 81. 
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Objective 7.6a For a quadratic function, find the vertex, the line of symmetry, and 
the maximum or minimum value, and then graph the function. 


Example For f(x) = —2x? + 4x + 1, find the vertex, the Practice Exercise 
line of symmetry, and the maximum or minimum value. 7. For f(x) = —x2 — 2x — 3, find the vertex, the line of 


Then graph. symmetry, and the maximum or minimum value. 
We factor out —2 from only the first two terms: Then graph. 


f(x) = —2(x? — 2x) +1. 
Next, we complete the square, factor, and simplify: 
f(x) = -2(x2- 2x )+1 
= -2(x* -2x+1-1)4+1 
2(x* — 2x + 1) + (-2)(-1) +1 
= —2(x — 1)? + 3. 
The vertex is (1, 3). The line of symmetry is x = 1. The 
coefficient of x? is negative, so the graph opens down. 


Thus, 3 is the maximum value of the function. 
We plot points and graph the parabola. 


rFPwoonr 
One Ew 


Objective 7.6b Find the intercepts of a quadratic function. 


Example Find the intercepts of f(x) = x” — 8x + 14. Practice Exercise 
Since f(0) = 02 — 8-0 + 14, the y-intercept is (0, 14). 8. Find the intercepts of f(x) = x? — 6x + 4. 
To find the x-intercepts, we solve 0 = x? — 8x + 14. 
Using the quadratic formula, we have x = 4 + V2. Thus 
the x-intercepts are (4 — v2, 0) and (4 + V2, 0). 


Objective 7.8a Solve quadratic inequalities and other polynomial inequalities. 


Example Solve: x? — 15 > 2x. Practice Exercise 
x?-—2x-15>0  Adding15 9. Solve: x2 + 40 > 14x. 


We set the polynomial equal to 0 and solve. The solutions 
of x* — 2x — 15 = 0, or (x + 3) (x — 5) = 0, are —3 and5. 
They divide the number line into three intervals. 


We try a test point in each interval: 

Test —5: (—5)? — 2(-5) - 15 = 20> 0; 
Test0:; 0? —2+0= 15 = —15 < 0; 
Test6: 67-2-6-15=9>0. 


The expression x* — 2x — 15 is positive for values of x in 
the intervals (—co, —3) and (5, c©). The inequality symbol 
is >, so —3 and 5 are not solutions. The solution set is 
{xlx < -3 orx > 5}, or (—00, —3) U(5, co). 


Summary and Review: Chapter 7 663 


Objective 7.8b Solve rational inequalities. 


x+3 
, > 2. 
Example Solve: ek 2 


+ 
We first solve the related equation ae 2. The 


solution is 15. We also need to determine those numbers 
for which the rational expression is not defined. We set the 
denominator equal to 0 and solve: x — 6 = 0, orx = 6. 
The numbers 6 and 15 divide the number line into three 
intervals. We test a point in each interval. 


< 


SS 
4567 8 9 101112131415 16 


Test 5: —_ = 2, or —8 = 2, which is false. 


Test 9: =e = 2,or4 = 2, whichis true. 
7+ 3 

=> 
17-6 
The solution set includes the interval (6, 15) and the num- 
ber 15, the solution of the related equation. The number 6 is 
not included. It is not an allowable replacement because it 
results in division by 0. The solution set is {x|6 < x = 15}, 
or (6, 15]. 


20 
Test 17: 2, Or Ti = 2, which is false. 


Review Exercises 


1. a) Solve: 2x2 —-7=0. [7.1a] 
b) Find the x-intercepts of f(x) = 2x? — 7. 


Solve. [7.2a] 
2. 14x2 + 5x = 0 


3. x2 — 12x + 27 =0 
4. 4x2 + 3x+1=0 


5. x2 — 7x +13 =0 


6. 4x(x — 1) + 15 = x(3x + 4) 


7. x2 + 4x + 1 = 0. Give exact solutions and approximate 
solutions to three decimal places. 


Practice Exercise 


+7 
10. Solve: is = 3. 
x-5 


11. Solve x? + 6x + 2 = 0 by completing the square. 
Show your work. [7.1b] 


12. HangTime. Use the function V(T) = 48T?. A basket- 
ball player has a vertical leap of 39 in. What is his hang 
time? [7.1c] 


13. DVD Player Screen. The width of a rectangular screen 
on a portable DVD player is 5 cm less than the length. 
The area is 126 cm. Find the length and the width. 
[7.3a] 


14. Picture Matting. A picture mat measures 12 in. by 
16 in., and 140 in? of picture shows. Find the width of 
the mat. [7.3a] 
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15. Motorcycle Travel. During the first part of a trip, a 27. f(x) =x2-x+6 
motorcyclist travels 50 mi. The rider travels 80 mi on 
the second part of the trip at a speed that is 10 mph f(x) y 
slower. The total time for the trip is 3 hr. What is the 10 
speed on each part of the trip? [7.3a] 8 
6 
od 
2 
Determine the nature of the solutions of each equation. 
(7.4a] -10-8-6-4-2,| 2 4 6 8 10 
16. x2 + 3x -6=0 17. x2 + 2x+5=0 ie 
-8 
-10 
Write a quadratic equation having the given solutions. 
[7.4b] 
18. i, -3 19. —4, only solution 
}____.ff 
Solve for the indicated letter. [7.3b] Vertex: ( ) 
1 3B i x= 
20. N = am|2, for p 21. 2A = —, for T Line of symmetry: x = —_ 
Pp T2 value: 
Solve. [7.4c] 
4 2 = -2_ 9y-l_] = 
22. x 13x* + 36 = 0 23. 15x 2x 1=0 28. f(x) = -3x2 - 12x - 8 
VA 
2 2 2 = 
24. (x 4) (x 4)-6=0 a 
4 
3 
25. x — 13Vx + 36 = 0 & 
-5-4-3-2-1, 12345 % 
For each quadratic function in Exercises 26-28, find and +2 
label (a) the vertex, (b) the line of symmetry, and (c) the ‘v 
maximum or minimum value. Then (d) graph the function. E 5 
[7.5c], [7.6a] 
26. f(x) = -$(x — 1)? +3 
y 
4 
; Vertex: ( j ) 
1 Line of symmetry: x = ___ 
-5-4-3-2-1,] 12.3 4 5 % value: 
22 
+3 
-4 
+5 
Find the x- and y-intercepts. [7.6b] 
29. f(x) = x? — 9x +14 
\ 
Vertex: (___, ) 30. g(x) = x2 — 4x -3 
Line of symmetry: x = ___ 
value: 
y 
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31. What is the minimum product of two numbers whose 
difference is 22? What numbers yield this product? 
[7.7a] 


32. Find a quadratic function that fits the data points 
(0, —2), (1,3), and (3,7). [7.7b] 


33. Live Births by Age. The average number of live births 
per 1000 women rises and falls according to age, as 
seen in the following bar graph. [7.7b] 


Average Number of Live Births per 1000 Women 

140 a — 

120 111.1 113.9 

100 
80 
60 
40 


Births per 1000 women 


(6m 18:5 22 27 32 37 42 
Age 


SOURCE: Centers for Disease Control and Prevention 


a) Use the data points (16, 34), (27, 113.9), and 

(37, 35.4) to fit a quadratic function to the data. 
Use the quadratic function to estimate the number 
of live births per 1000 women of age 30. 


b 


ha] 


Solve. [7.8a, b] 
34. (x + 2) (x — 1)(x- 2) >0 


35.#—_ ——,_ ~ _ * 0 


36. Determine the nature of the solutions 
x? — 10x + 25=0. [7.4a] 
A. Infinite number of solutions 
B. One real solution 
C. Two real solutions 
D. No real solutions 


37. Solve: 2x2 — 6x +5 =0. [7.2a] 


3 VI19 . 
a B. 341 
C34 V19 ete 
er 2709 
Synthesis 


38. A quadratic function has x-intercepts (—3, 0) and 
(5, 0) and y-intercept (0, —7). Find an equation for the 
function. What is its maximum or minimum value? 
[7.7a, b] 


39. Find h and k such that 3x2 — hx + 4k = 0, the sum 
of the solutions is 20, and the product of the solutions 
is 80. [7.2a], [7.7b] 


40. The average of two numbers is 171. One of the numbers 
is the square root of the other. Find the numbers. 
[7.3a] 


Understanding Through Discussion and Writing 


1. Does the graph of every quadratic function have a 
y-intercept? Why or why not? = [7.6b] 


2. Explain how the leading coefficient of a quadratic 


function can be used to determine whether a maximum 


or minimum function value exists. [7.7a] 


3. Explain, without plotting points, why the graph of 
f(x) = (x + 3)% — 4 looks like the graph of f(x) = x? 
translated 3 units to the left and 4 units down. [7.5c] 


4. Describe a method that could be used to create 
quadratic inequalities that have no solution. [7.8a] 


5. Is it possible for the graph of a quadratic function to 
have only one x-intercept if the vertex is off the x-axis? 
Why or why not? = [7.6b] 


6. Explain how the x-intercepts of a quadratic function can 
be used to help find the vertex of the function. What 
piece of information would still be missing? _[7.6a, b] 
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7 Test 


For Extra Help 
# » Ta st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
= es rep on DVD, in Mymathiab\ and on Youfi (search “BittingerInterAlgPB" and click on “Channels”. 


1. a) Solve: 3x2 — 4 =0. 
b) Find the x-intercepts of f(x) = 3x? — 4. 


Solve. 


2.x7+x+1=0 3.x - 8Vx+7=0 


5. 4x4 — 17x2 +15 =0 


6. x* + 4x = 2. Give exact solutions and approximate te = 
solutions to three decimal places. 


8. Solve x? — 4x + 1 = 0 by completing the square. Show your work. 


10. Marine Travel. The Columbia River flows at a rate of 


9. Free-Falling Objects. The Peachtree Plaza in Atlanta, 


11. 


13. 


15. 


Georgia, is 723 ft tall. Use the function s(t) = 162? to 
approximate how long it would take an object to fall 
from the top. 


Memory Board. Acomputer-parts company wants to 

make a rectangular memory board that has a perimeter 
of 28 cm. What dimensions will allow the board to have 
the maximum area? 


Determine the nature of the solutions of the equation 
x? + 5x+17=0. 


Solve V = 48T? for T. 


2 mph for the length of a popular boating route. In order 
for a motorized dinghy to travel 3 mi upriver and then 
return in a total of 4 hr, how fast must the boat be able to 
travel in still water? 


12. HangTime. Use the function V(T) = 48T?. Nate 


Robinson of the New York Knicks has a vertical leap 
of 43 in. What is his hang time? 


14. Write a quadratic equation having the solutions V3 and 


235 


Test: Chapter 7 667 


For the quadratic functions in Exercises 16 and 17, find and label (a) the vertex, (b) the line of symmetry, and (c) the maximum 
or minimum value. Then (d) graph the function. 


16. f(x) = —x? — 2x 17. f(x) = 4x? — 24x + 41 
VA VA 
12 12 
10 10 
8 8 
6 6 
4 4 
2 2 
=12-0-8-6-4-2 | 2 4 6 8 1012 a —12-10-8-6-4-2 || 2 4 6 8 1012 a 
=A: —4 
6 —6 
3 rt) 
= 110) —10 
-12 -12 
_——SSS===,, ———— 
Wertexc( ; ) Wertexca( ; ) 
Line of symmetry: x = Line of symmetry: x = 
value: ___ value: 
18. Find the x- and y-intercepts: 19. What is the minimum product of two numbers whose 
f(x) = —x? + 4x - 1. difference is 8? What numbers yield this product? 


20. Find the quadratic function that fits the data points (0, 0), (3, 0), and (5, 2). 


21. Foreign Adoptions. The graph at right shows the Foreign Adoptions to the United States 
number of foreign adoptions to the United States for AGOK 
various years. It appears that the graph might be fit by 2 25 (4, 22.9) 
a quadratic function. ee oe - (6, 20.7) 
a0 Ls 
a) Use the data points (0, 18.5), (4, 22.9), and (8, 17.4) to fit ge 2 
: : CaaS 3 & |(0, 18.5) (8, 17.4) 
a quadratic function A(x) = ax“ + bx + cto the data, me ls 
where A is the number of foreign adoptions to the sg . lo 
United States x years since 2000 and x = 0 corresponds gS 
to 2000. Z a 
b) Use the quadratic function to estimate the number of / db ae a es 
adoptions in 2009. egos oa hae ede om ee 
co) Years since 2000 uns) 
SOURCE: Intercountry Adoption, Office of Children's Issues, 
U.S. Department of State 
Solve. 
= 5 (= 2) 
220n" = Ge: f 23. <0 24. =0 
ars) (66 <e 33) (Ge = 1) 


i i 
25. Write a quadratic equation whose solutions are 5 einl ==, 


2 
2 ; = poe 
A. 4x° — 4ix-1=0 Lo 
C. 4x7 +1=0 D. x? -ix+1= 
Synthesis 
26. A quadratic function has x-intercepts (—2, 0) and (7, 0) 27. One solution of kx? + 3x — k = 0 is —2. Find the other 
and y-intercept (0, 8). Find an equation for the function. solution. 


What is its maximum or minimum value? 
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1. Golf Courses. Most golf courses have a hole such as 
the one shown here, where the safe way to the hole is 
to hit straight out on a first shot (the distance a) and 
then make subsequent shots at a right angle to cover 
the distance b. Golfers are often lured, however, into 
taking a shortcut over trees, houses, or lakes. If a 
golfer makes a hole in one on this hole, how long is the 
shot? 


2. (4 + 8x? — 5x) — (—2x2 + 3x — 2) 


3. (2x? — x + 3) (x — 4) 


4, @ = 16 2a-6 
"Ba-15 at+4 


Cumulative Review 


Ay ok 
x 
8. L 9. V0.36 
sear iy 
10. V9x2 — 36x + 36 11. 6V/45 — 3V20 
2V3 - 4V2 
12. 2V3 — 4V2 13. (82/34 
V2 — 3V6 
6 — 2i 
1G eo) 1S tae i 
Factor. 
16. 2t2 — 7t — 30 17. a2 + 3a— 54 
18. —3a3 + 12a? 19. 64a2 — 9b? 
2 1 3 
20. 3a” — 36a + 108 210 mae 1 


22. 24a3 + 18a2 — 20a — 15 


2R% (8 ae I) (ee — I) ae (Gear IL) (Ge ae 2) 


26.5 — 3(2x + 1) = 8x —3 


Mio S36 = 2 SZ =BOrss a 3 SY 


Cumulative Review: Chapters 1-7 669 


28. |4x — 1| = 14 


Sh eae = eG) 


32. 


34. A= mn form 


Bia, Woe = 2 ap il PAG 


38. x2 — 3x + 16=0 


40. P = Va? — b2, fora 


42. Solve: 4x2 — 25 > 0. 


Graph. 
43.x+y=2 


AG, ES 8} 


Ali, iG) = a8? = I 
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29. 5x + 10y = —10, 
—/5e = eh =) 


31. 10x? + 28x -6=0 


33 


el W758 = Il = 6 


x + 2) 
he $e SO 
ge EG ) 


44.y=6x-5 


46. 3x —y > 6, 
4x+y=3 


48. f(x) = —2x2 + 3 


Quadratic Equations and Functions 


49. Find an equation of the line with slope } and through 
the point (—4, 2). 


50. Find an equation of the line parallel to the line 
3x + y = 4and through the point (0, 1). 


51. Marine Travel. The Connecticut River flows at a rate 
of 4 km/h for the length of a popular scenic route. In 
order for a cruiser to travel 60 km upriver and then 
return in a total of 8 hr, how fast must the boat be able 
to travel in still water? 


52. Architecture. An architect is designing a rectangular 
family room with a perimeter of 56 ft. What dimensions 
will yield the maximum area? What is the maximum 
area? 


53. The perimeter of a hexagon with all six sides the same 
length is the same as the perimeter of a square. One 
side of the hexagon is 3 less than the side of the square. 
Find the perimeter of each polygon. 


54. Two pipes can fill a tank in 14 hr. One pipe requires 4 hr 
longer running alone to fill the tank than the other. 
How long would it take the faster pipe, working alone, 
to fill the tank? 


55. Complete the square: f(x) = 5x2 — 20x + 15. 
A. f(x) = 5(x— 2)?-5_ B. f(x) = 5(x + 2)? 4+ 15 
C. f(x) = 5(x+2)?+6 Dz f(x) =5(x+ 2)? + 11 


56. How many times does the graph of 
f(x) = x4 — 6x* — 16 cross the x-axis? 


A. 1 B. 2 
C. 3 D. 4 
Synthesis 
Dig ab Tl f2x + 1 
57. Solve: z =3+7 ae ; 
x eG 
58. Factor: a + 868 
: "8 729° 
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Exponential and 


Logarithmic 
Functions 


8.1. Exponential Functions 


8.2 Inverse Functions and 
Composite Functions 


8.3 Logarithmic Functions 


8.4 Properties of 
Logarithmic Functions 


MID-CHAPTER REVIEW 
8.5 Natural Logarithmic Function 
VISUALIZING FOR SUCCESS 


8.6 Solving Exponential ane 
Logarithmic Equations ~* 


8.7 Mathematical Modeling 
with Exponential and 
Logarithmic Functions 


TRANSLATING FOR SUCCESS 


SUMMARY AND REVIEW 7. 
TEST \ ] 
\\ & — : 


CUMULATIVE REVIEW 


Real-World Application 


Twenty-one women competed in the Summer Olympic Games in Paris in 1900, the first 
year in which women participated in the Games. Female participation grew exponen- 
tially through the years, reaching a total of 4746 competitors in Beijing in 2008. We let 

t = the number of years since 1900. Then t = 0 corresponds to 1900 and t = 108 
corresponds to 2008. Use the data points (0, 21) and (108, 4746) to find the exponen- 
tial growth rate and then the exponential growth function. Use the function to 
predict the number of female competitors in 2016 and to determine the year in 
which there were about 2552 female competitors. 

Sources: The Complete Book of the Olympics, David Wallechinsky; www.olympic.org/uk 


This problem appears as Example 6 in Section 8.7. 
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SKILL TO REVIEW 
Objective 2.1c: Graph linear 
equations using tables. 
Graph. 

Ly=x+3 


Answers 


Skill to Review: 
1. 


672 CHAPTER 8 


The rapidly rising graph shown below approximates the graph of an 
exponential function. We will consider such functions and some of their 
applications. 


Text Messages Sent in the United States 


Numbers sent 
(in billions) 


06 06 07 07 08 
Month 
SOURCE: CTIA, The Wireless Association 


(a) Graphing Exponential Functions 


In Chapter 6, we gave meaning to exponential expressions with rational- 
number exponents such as 


3/4 373/4, 72.34 51-73, 


For example, 51:73, or 5!73/100, oy N°5173, means to raise 5 to the 173rd 
power and then take the 100th root. We now develop the meaning of expo- 
nential expressions with irrational exponents. Examples of expressions with 
irrational exponents are 


5V3, 0 77, 7 V2. 


Since we can approximate irrational numbers with decimal approximations, 
we can also approximate expressions with irrational exponents. For example, 
consider 5V3, We know that 5V3 ~ 51:73 = XW5173, As rational values of r get 
close to V3, 5’ gets close to some real number. Note the following: 


r closes in on V3. 5’ closes in on some real number p. 
r 5! 
ba 3<2 = 5 <p oP = 25 
i7<eve2 18 15.426 ~ 51:7 < p< 518 = 18.119 
L73< V3 =< 174 16.189 + 51-73 < p < 51-4 = 16,452 


Le <1/3< 1988 «8616241 2 GY p =< 6 = 16,267 


As r closes in on V3, 5’ closes in on some real number p. We define 5¥3 to be 
that number p. To seven decimal places, we have 


5V3 ~ 16.2424508. 


Exponential and Logarithmic Functions 


Any positive irrational exponent can be defined in a similar way. Negative 
irrational exponents are then defined in the same way as negative integer 
exponents. Then the expression a* has meaning for any real number x. The 
general laws of exponents still hold, but we will not prove that here. 

We now define exponential functions. 


EXPONENTIAL FUNCTION 


The function f(x) = a*, where ais a positive constant different from 1, 
is called an exponential function, base a. 


We restrict the base a to being posi- VA 
tive to avoid the possibility of taking even 9 
roots of negative numbers such as the 8 
square root of —1, (—1)!/2, which is not a : 
real number. We restrict the base from 5 Meas at 
being 1 because for a = 1, t(x) = ¥ = 1, ; function 
which is a constant. The following are 2 
examples of exponential functions: nd at RD 
> 
fH=2% FQ=—GR F@— WA Oe ets 


Note that in contrast to polynomial functions like f(x) = x? and f(x) = x, 
the variable is in the exponent. Let’s consider graphs of exponential functions. 


EXAMPLE 1 Graph the exponential function f(x) = 2%. 


We compute some function values and list the results in a table. It is a 
good idea to begin by letting x = 0. 


f(0) = 2° = 1; 
| aia fix) 
fl2) = 22 = 4; |e 
f(3) = 23 = 8; 2) 4 
f(-1I=2t= 5-5 afi 
2t 2’ : i 
f-2) = 22 = G5 -3| 3 
1 1 
f(-3) =28 = 3555 


Next, we plot these points and connect them with a smooth curve. 


In graphing, be sure 
to plot enough 
points to determine 
how steeply the 
curve rises. 


SQ) =2* 


ower TDN & 


The curve comes | 
very close to the 
x-axis, but does 

not touch or cross it. 


nase hs 123 4 x 
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1. Graph: f(x) = 3%. Complete 
this table of solutions. Then 
plot the points from the table 
and connect them with a 
smooth curve. 


SAS Be eae 


3 


1 x 
2. Graph: f(x) = (3) . Complete 


this table of solutions. Then plot 
the points from the table and 
connect them with a smooth 


curve. 


Answers 
L a 
5g 


| 
bo 
[s eremN owe 


i) 

“| 
= 
& 


| 
wo 
is wo W|RoRwr He 
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{—___. 
Lee ee 


x 


Note that as x increases, the function values increase indefinitely. As x 
decreases, the function values decrease, getting very close to 0. The x-axis, or 
the line y = 0, is an asymptote, meaning here that as x gets very small, the 
curve comes very close to but never touches the axis. 


Do Exercise 1. 


| EXAMPLE 2. Graph the exponential function f(x) = ae 


We compute some function values and list the results in a table. Before 
we do so, note that 


f(x) = GP = (21% = 2. 


Then we have 


fO=27 = 1; | f(x) 
f(\) = o9=1.= a3 = I 
7 a 2 | 4 
2 
1 L 1 
f(2) = 27% = 32 = 7 ; 4 
8 
1 1 -l 2 
= ea ee ee 
fQ)=24=3=5 | 4 
-3 8 
_— = =(=)) = 91-9. 
f(-1) =2 21 = 2; 


f(-2) = 2-C) = 27 = 4; 
f(-3) =2- ) = 23 = 8, 
Next, we plot these points and draw the curve. Note that this graph is a 


reflection across the y-axis of the graph in Example 1. The line y = 0 is again 
an asymptote. 


See 123 4 x 


Do Exercise 2. 


The preceding examples illustrate exponential functions with various 
bases. Let’s list some of their characteristics. Keep in mind that the definition 
of an exponential function, f(x) = a*, requires that the base be positive and 
different from 1. 


Exponential and Logarithmic Functions 


When a > 1, the function f(x) = a* increases from left to right. The 
greater the value of a, the steeper the curve. As x gets smaller and smaller, the 
curve gets closer to the line y = 0: It is an asymptote. 


VA ZN 
joo 9 9 1\% 
fa =O aL = (3) 
: Graph. 
6 6 3. f(x) = 4* 
5 5 
3 3 SAL 
2 oo 1) 22 peli 
g(x) =2 gio = (3) 5 
La 
-4-3-2 gy 123 4 4 -4-3 Ree 123 4 i 3 
sal 
=il 
When 0 < a < 1, the function f(x) = a* decreases from left to right. As 
a approaches 1, the curve becomes less steep. As x gets larger and larger, the Ne 
curve gets closer to the line y = 0: It is an asymptote. 4. f(x) = (3) 


YA 
y-INTERCEPT OF AN EXPONENTIAL FUNCTION bee ale 


All functions f(x) = a* go through the point (0, 1). That is, the 
y-intercept is (0, 1). 


a z 54x 
(Do Exercises 3 and 4. ce 
EXAMPLE 3. Graph: f(x) = 2*~?. 
We construct a table of values. Then we plot the points and connect them 
with a smooth curve. Be sure to note that x — 2 is the exponent. 
1 1 
0) = 29-2 = 2% ; 
f(0) an 
x 
11 a 
1) = 21-2 = 271 ; 
f) Tag ae 
eae es if 
f(3) = 23-2 = Ql =2: 2 1 
3 2 
[Ayo ead, 4] 4 
1 1 -1 : 
Sjsoeteo7 a Sa = 8 
f-V) 23 8 | 
f-2) =22222¢- 5-4 
24 16 
The graph has the same shape as the YA 
graph of g(x) = 2%, but it is translated 7 
2 units to the right. 8 
The y-intercept of g(x) = 2*is (0, 1). 7 Answers 
The y-intercept of f(x) = 2*~? is (0, i). : 3 OYA 4, 
The line y = 0 is still an asymptote. , 8 8 
3 6 6 
: 2 fie Spx-2 4 4 
Ped : 
-4-3-2-1 123 45 6 a > 
~] x —4 '-2 2 4k —4 :-2 2 
= 4* 1\* 
fore feo = (7) 
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5. Graph: f(x) = 2**2. ___Do Exercise 5._J 


Pee | EXAMPLE 4 Graph: f(x) = 2* - 3. 
& We construct a table of values. Then we plot the points and connect them 
with a smooth curve. Note that the only expression in the exponent is x. 


f(0) _ 20 3=1 3 = 23 f(x) 


fOQ)=2'-3=2-3=-] 
f(2)=22-3=4-3=1 | 
f(3) = 23 -3=8-3=5; 2 1 
4) = 24-3=16-3=13; 3 5 
aa) = 20 . ; a | we 
Fl) = 2° — 3 =3-3 = 7-35; | -3 
le ae a ea adie 22 oa 
| 
6. Graph: f(x) = 2* — 4. The graph has the same shape as the graph of 
g(x) = 2%, butit is translated 3 units down. 
YA The y-intercept is (0, —2). The line y = —3 
baled is an asymptote. The curve gets closer to this 
0 line as x gets smaller and smaller. 
1 
2, 
3 
4 
=I 
=2 
) 
Do Exercise 6. | 
Calculator Corner 
Graphing Exponential Functions We can use a graphing calculator to graph 
exponential functions. It might be necessary to try several sets of window dimensions in order to find 
the ones that give a good view of the curve. 
To graph f(x) = 3% — 1, we enter the equation as y, by pressing 2 Gy GD — @>. We can 
begin graphing with the standard window [ —10, 10, —10, 10] by pressing cou) >. Although this 
window gives a good view of the curve, we might want to adjust it to show more of the curve in the first 
quadrant. Changing the dimensions to [ —10, 10, —5, 15] accomplishes this. 
Exercises: 
1. Use a graphing calculator to graph the functions in Examples 1-4. 
2. Use a graphing calculator to graph the functions in Margin Exercises 1-6. 
XR S 
Answers 
5 VA 6. ——_—_, 
x | fa) 
: 0| -3 
; 1} -2 
/ 2 0 
3 4 
—4 7-2 [2 fy 4 12 
=7 =e 
f& = gxt+2 e 
YI 


f(x) =2*-4 
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(b) Equations with x and y Interchanged 


It will be helpful in later work to be able to graph an equation in which the x 
and the yin y = a” are interchanged. 


EXAMPLE 5 Graph: x = 2’. 
Note that x is alone on one side of the equation. We can find ordered pairs 
that are solutions more easily by choosing values for y and then computing 
the x-values. 
For y= 0,x = 2° = 1. 
For y= 1,4 = 2) = 2. 


E 


1 
For y = 2,x = 22 = 4, 2 
fory=4.4= 2) =% 4 
8 
1 1 
For La 2 5 
» x 3 i 
1 1 1 
For ex=2°° 8 
e 22 4 
or a - —* 
For y 3,x = 2 53 8 (1) Choose values for y. 
'___ (2) Compute values for x. 
We plot the points and connect them YK 
with a smooth curve. What happens as 4 
y-values become smaller? 3 cated 
5 (1,0) 
1 
(2, 1) 
This curve does not touch =1 23456789 = % 


or cross the y-axis. 


Note that this curve x = 2’ has the same shape as the graph of y = 2%, 
except that it is reflected, or flipped, across the line y = x, as shown below. 


7. Graph: x = 3Y. 


9 
: 
0 1 1 0 A 
1] 2 2 1 : 
rae 4 2 ce 
il 
3 A : Chae i 
ez 2) —) ne , (4, 2) 
1 1 2 t ’ 
—2 ) 4 a4 | —2 ae (2, ) a 
3 7 i 3 =4=3 3-14] 0,0) 456789 «x 
a ) X ) of —2 


\ g =i) Answer 
1 

: LA iF (qr —2) 2. 
Yo (g —3) 


) 
Do Exercise 7. 
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8. Interest Compounded 
Annually. Find the amount in 
an account after 1 year and after 
2 years if $40,000 is invested at 
2%, compounded annually. 


Answer 
8. $40,800; $41,616 


(c) Applications of Exponential Functions 


When interest is paid on interest, we call it compound interest. This is the 
type of interest paid on investments and loans. Suppose you have $100,000 in 
a savings account at an interest rate of 4%. This means that in 1 year, the ac- 
count will contain the original $100,000 plus 4% of $100,000. Thus the total in 
the account after 1 year will be 


$100,000 plus $100,000 x 0.04. 
This can also be expressed as 


$100,000 + $100,000 x 0.04 = $100,000 x 1 + $100,000 x 0.04 


= $100,000(1 + 0.04) — Factoring out 
$100,000 using the 
distributive law 


= $100,000(1.04) 
= $104,000. 


Now suppose that the total of $104,000 remains in the account for another 
year. At the end of the second year, the account will contain the $104,000 plus 
4% of $104,000. The total in the account will be 


$104,000 plus $104,000 x 0.04, 
or 


$104,000(1.04) = [$100,000(1.04) ](1.04) = $100,000(1.04)? 
= $108,160. 


Note that in the second year, interest is earned on the first year’s interest as 
well as the original amount. When this happens, we say that the interest is 
compounded annually. If the original amount of $100,000 earned only sim- 
ple interest for 2 years, the interest would be 


$100,000 < 0.04 X 2, or $8000, 
and the amount in the account would be 
$100,000 + $8000 = $108,000, 


less than the $108,160 when interest is compounded annually. 


Do Exercise 8. 


The following table shows how the computation continues over 4 years. 


$100,000 IN AN ACCOUNT 


WITH INTEREST WITH 
COMPOUNDED SIMPLE 
YEAR ANNUALLY INTEREST 
Beginning of lst year $100,000 
End of Ist year $100,000( 1.04)! = $104,000 $104,000 
Beginning of 2nd year $104,000 
End of 2nd year $100,000(1.04)? = $108,160 $108,000 
Beginning of 3rd year $108,160 
End of 3rd year $100,000(1.04)3 = $112,486.40 $112,000 
Beginning of 4th year $112,486.40 
End of 4th year $100,000(1.04)4 ~ $116,985.86 $116,000 
Ee ee Eee 
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We can express interest compounded annually using an exponential 
function. 


EXAMPLE 6 Interest Compounded Annually. The amount of money A 
that a principal P will grow to after ¢ years at interest rate r, compounded an- 
nually, is given by the formula 

A= P(1l4+ ry 
Suppose that $100,000 is invested at 4% interest, compounded annually. 


a) Find a function for the amount in the account after f years. 
b) Find the amount of money in the account at t = 0, tf = 4,f = 8,andt = 10. 
c) Graph the function. 


a) If P = $100,000 and r = 4% = 0.04, we can substitute these values and 
form the following function: 


A(t) = $100,000(1 + 0.04) = $100,000(1.04)*. 


b) To find the function values, you might find a calculator with a power key 
helpful. 


A(0) = $100,000(1.04)° = $100,000; 
A(4) = $100,000(1.04)* ~ $116,985.86; 
A(8) = $100,000(1.04)® + $136,856.91; 
A(10) = $100,000(1.04)!° + $148,024.43 


c) We use the function values computed in (b) with others, if we wish, to 
draw the graph as follows. Note that the axes are scaled differently because 
of the large numbers. 


A 
$500,000 + 
450,000 + 
400,000 + 
350,000 7 
300,000 + 
250,000 7 


A(t) = $100,000(1.04)* 
200,000 + 
150,000 ———— 
100,000 


50,000 7 


2 4 6 8 10 12 14 16 18 20 & 


Do Exercise 9. 


Suppose the principal of $100,000 we just considered were compounded 
semiannually—that is, every half year. Interest would then be calculated 
twice a year at arate of 4% + 2, or 2%, each time. The computations are as 
follows: 

After the first 3 year, the account will contain 102% of $100,000: 


$100,000 X 1.02 = $102,000. 

After a second $ year (1 full year), the account will contain 102% of $102,000: 
$102,000 x 1.02 = $100,000 x (1.02)? = $104,040. 

After a third 5 year (13 full years), the account will contain 102% of $104,040: 
$104,040 x 1.02 = $100,000 x (1.02)? = $106,120.80. 


9. Interest Compounded 
Annually. Suppose that 
$40,000 is invested at 5% 
interest, compounded annually. 


a) Find a function for the 
amount in the account after 
t years. 


b) Find the amount of money in 
the account at t = 0, t = 4, 
t = 8, andt = 10. 


c) Graph the function. 


10. A couple invests $7000 in an 
account paying 3.4%, com- 
pounded quarterly. Find the 
amount in the account after 
®) ; years. 


Answers 


9. (a) A(t) = $40,000(1.05)% 
(b) $40,000; $48,620.25; $59,098.22; $65,155.79 
(c) A 
$100,000 +- 
90,000 +- 


g0,000-+ A(t) = $40,000(1.05)4 


70,000 -- 
60,000 -- 
50,000 -- 
40,000 


30,000 -- 
20,000 -- 
10,000 + 


2 4 6 8 W 2 t 
10. $8432.72 
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After a fourth 5 year (2 full years), the account will contain 102% of $106,120.80: 


Calculator Corner $106,120.80 x 1.02 = $100,000 x (1.02)4 


The Compound- = $108,243.22. Rounded to the nearest cent 


Interest Formula |f $1000 is Comparing these results with those in the table on p. 678, we can see that by 


invested at 3%, compounded quarterly, having more compounding periods, we increase the amount in the account. 
how much is in the account at the end We have illustrated the following result. 
of 2 years? 


We use the compound-interest for- 
mula, substituting 1000 for P, 0.03 for r, oe ee 
4 for n (compounding quarterly), and If a principal P has been invested at interest rate r, compounded n 


2 for t. Then we get times a year, in ¢ years it will grow to an amount A given by 


piel (. 42)" 
= A=P-(1+—] . 
n n 


0.03°\*? 
= 00 + a) 
| EXAMPLE 7 The Ibsens invest $4000 in an account paying 22%, com- 


To do this computation on a calculator, pounded quarterly. Find the amount in the account after 2} years. 
we press DO OVRU The compounding is quarterly—that is, four times a year—so in 23 years, 
VVVUCVOVBSGD there are ten 4-year periods. We substitute $4000 for P, 22%, or 0.02625, 
OCS CPS. The result is for r, 4 for n, and 25, or 3, for tand compute A: 
approximately $1061.60. loss 
. A=DP- (1 + ) 

Exercises: n 
1. If $1000 is invested at 2%, com- - 23% \43 

pounded semiannually, how = | Le 

much is in the account at the 0.02625 \10 

end of 2 years? = 4000 - (1 a ) 


2. If $1000 is invested at 2.4%, 
compounded monthly, how 
much is in the account at the ~= $4270.39. 
end of 2 years? 


3. If $20,000 is invested at 4.2%, 
compounded quarterly, how Do Exercise 10 on the preceding page. 
much is in the account at the 
end of 10 years? 


4. If $10,000 is invested at 5.4%, 
how much is in the account at 
the end of 1 year, if interest is 
compounded (a) annually? 
(b) semiannually? 

(c) quarterly? (d) daily? 
(e) hourly? 


= 4000(1.0065625)!9 —_ Using a calculator 


The amount in the account after 2} years is $4270.39. b 
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For Extra Help 


Exercise Set Mymata ye FB Gl 


(a) Graph. 


1. f(x) = 2* 2. f(x) = 3% 3. f(x) = 5* 

-al. 9 
0 iB few 8 
1 aay Allee 7 
2 6 lax 6 
3 5 ae 5 
LA fe. 4 
. : 3 
—2 D's 2 
-3 call [ks 1 

4, f(x) = 6 a. f@o2 Ce (0 ee a Rj 3" 


VA VA VA YA 


ff) S304 9. f(x) = 2% -3 10. f(x) = 2* +1 iL a 


EPR wR ADNAN OO | 
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12. f(x) = 64 


y y 
fe) 
9 9 
8 0 8 
< 1 7 
6 6 
5 2 5 
4 3 4 
3 =I 3 
2 —2 2 
il —3 1 
=4'=3'=2 = 1. 123 4 x V1 Se te ey 12.3 4 a 
x 
15. f(x) = ( ) 
YA VA 
9 9 
8 8 
7 q 
6 6 
5 5 
4 4 
3 3 
2 2 
1 1 
-4-3 od i 2-3. 4 a -4-3 Boe me? oe. x 
17. f(x) = 22x71 18. f(x) = 3°-* 
yA y 
9 9 9 
8 8 8 
7 7 ve 
6 6 6 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
eae eer 123 4 a Si a ee ane ae 1-2 3 4 a peste ran oe 123 4 ee 


(b) 


a Graph. 
19. x = 2 

nZN 

4 

3 

2 

1 

> 

Fey | thee) Bo 8 eB 

—2 

—3 

—4 
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3 
y y 
4 4 
3 3 
2 2 
1 1 
> 
2 38 8 8 7 8 8 ey ee 8 8% 
~2 —2 
~3 =3 
—4 —4 


Graph both equations using the same set of axes. 


25. y = 2%, x = 2V 


—12-10-8 -6 —-4 -2 2 4 6 8 1012 x 


LP 
-C_sSolve. 
A 


27. Interest Compounded Annually. Suppose that $50,000 
is invested at 2% interest, compounded annually. 


a) Find a function A for the amount in the account after 
t years. 
b) Complete the following table of function values. 


A(s) 


20 


X J 


c) Graph the function. 


| 
-1 123456789 =x 


—12-10-8 -6 -4-2 


> 
2 4 6 8 1012 : x 


28. Interest Compounded Annually. Suppose that $50,000 


is invested at 3% interest, compounded annually. 


a) Find a function A for the amount in the account after 


t years. 


b) Complete the following table of function values. 


A(s) 


0 


X 


20 


c) Graph the fu 


nction. 
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29. 


31. 


33. 


35. Flat-Panel TVs. 


Interest Compounded Semiannually. Jesse deposits 
$2000 in an account paying 2.6%, compounded semi- 
annually. Find the amount in the account after 3 years. 


Interest Compounded Quarterly. The Jansens invest 
$4500 in an account paying 3.6%, compounded quarterly. 
Find the amount in the account after 43 years. 


Wind Power. Wind power is the conversion of wind 
energy into a useful form, such as electricity, using wind 
turbines. The wind power W installed in the United 
States, in megawatts (MW), tyears after 2005 can be 
approximated by 

W(t) = 8733.5(1.406)°, 
where t = 0 corresponds to 2005. 
Source: American Wind Energy Association 
a) What was the wind power capacity in the United 


States in 2006? in 2008? in 2010? 
b) Graph the function. 


30. 


32. 


34. 


Interest Compounded Semiannually. Rory deposits 
$3500 in an account paying 3.2%, compounded semi- 
annually. Find the amount in the account after 2 years. 


Interest Compounded Quarterly. The Gemmers invest 
$4000 in an account paying 2.8%, compounded quarterly. 
Find the amount in the account after 33 years. 


Eco-Friendly Schools. As energy costs rise, the green- 
ing of America’s schools is part of a larger trend toward 
more energy-efficient construction. The number of 
schools C seeking eco-friendly certification t years after 
2002 can be approximated by 

C(t) = 16.4(1.69)% 
where t = 0 corresponds to 2002. 
Source: U.S. Green Building Council 


a) How many schools sought eco-friendly certification 
in 2005? in 2008? in 2009? 
b) Graph the function. 


Lower-than-expected demand for 
flat-panel TVs has spurred manufacturers to cut prices 
in recent years. The average price P of a flat-panel TV 
tyears after 2004 can be approximated by 
P(t) = 5105(0.698)5, 

where t = 0 corresponds to 2004. 
Source: Pacific Media Associates 
a) What was the average price of a flat-panel TV in 2004? 

in 2006? in 2008? 
b) Graph the function. 
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36. Salvage Value. An office machine is purchased for 


$5200. Its value each year is about 80% of the value the 
preceding year. Its value after t years is given by the 
exponential function 


V(t) = $5200(0.8)!. 
a) Find the value of the machine after 0 year, 1 year, 


2 years, 5 years, and 10 years. 
b) Graph the function. 


Copyright © 2011 Pearson Education, Inc. 


37. Recycling Aluminum Cans. 


Although Americans throw 
1500 aluminum cans in the trash every second of every 
day, 51.5% of the aluminum in the cans is recycled. Ifa 
beverage company distributes 500,000 cans, the amount 
of aluminum still in use after t years can be made into 

N cans, where 


N(t) = 500,000(0.515)!. 
Source: The Container Recycling Institute 


a) How many cans can be made from the original 500,000 
cans after 1 year? after 3 years? after 7 years? 
b) Graph the function. 


38. Growth of Bacteria. Bladder infections are often caused 
when the bacteria Escherichia coli reach the human 
bladder. Suppose that 3000 of the bacteria are present at 
time t = 0. Then ¢ minutes later, the number of bacteria 


present will be 
N(t) = 3000(2)/29, 


Source: Chris Hayes, "Detecting a Human Health Risk: £. coli,” Laboratory 


Medicine 29, no. 6, June 1998: 347-355 


a) How many bacteria will be present after 10 min? 
20 min? 30 min? 40 min? 60 min? 
b) Graph the function. 


Skill Maintenance 


39. 
Simplify. 
41. 
Divide and simplify. 


45. 


Multiply and simplify: x~ - x3. [R.7a] 
[R.3a] 

9? 42. (3)? 
[R.7a] 

sid x 
“x4 


Synthesis 


49. 


Simplify: (5¥7)?V?. 


Graph. 


51. 


y=2%*+2* 52. y = |2* - 2| 


Graph both equations using the same set of axes. 


55. 


y= 3-(x-1), Y= 3-(y-1) 


40. Simplify: (x~3)4. [R.7b] 
43. (3)! 44, 2.7! 
—3 
x x 
47, — 48. — 
x9 x4 


50. Which is larger: V2 or (v2 \ee 
53. y = |(3)* - 1 


56.y=P, x=) 


57. MwA Use a graphing calculator to graph each of the equations in Exercises 51-54. 
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1. Consider the relation g given by 


@ = 1(2,5),(—1,4),(—2, 1). 
The graph of the relation is 
shown below in red. Find the 
inverse and draw its graph 
in blue. 


Answer 
1. Inverse of g = {(5, 2), (4, -1), (1, -2)} 


When we go from an output of a function back to its input or inputs, we get an 
inverse relation. When that relation is a function, we have an inverse function. 
We now study inverse functions and how to find formulas when the original 
function has a formula. We do so to understand the relationships among the 
special functions that we study in this chapter. 


(a) Inverses 


A set of ordered pairs is called a relation. When we consider the graph of a 
function, we are thinking of a set of ordered pairs. Thus a function can be 
thought of as a special kind of relation, in which to each first coordinate there 
corresponds one and only one second coordinate. 

Consider the relation h given as follows: 


h = {(-7,4), (3, -1), (-6,5), (0, 2)}. 


Suppose we interchange the first and second coordinates. The relation we 
obtain is called the inverse of the relation h and is given as follows: 


Inverse of h = {(4, —7), (-1, 3), (5, —6), (2, 0)}. 


INVERSE RELATION 


Interchanging the coordinates of the ordered pairs in a relation 
produces the inverse relation. 


EXAMPLE 1 Consider the relation g given by 
f= 1(2,4).(- 13): (-2.0)i8 


In the figure below, the relation gis shown in red. The inverse of the relation is 


{(4, 2), (3, =), (0, —2)} 


and is shown in blue. 


“Inverse of g 


Do Exercise 1. J 
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INVERSE RELATION 2. Find an equation of the inverse 
relation. Then complete the 


Ifa relation is defined by an equation, interchanging the variables table and graph both the 
produces an equation of the inverse relation. original relation and its inverse. 
Relation: 
; F : : y=6- 2x 
’ EXAMPLE 2 Findan equation of the inverse of the relation 0 6 
2; 2; 
= 3x — 4. 
4 3 0 
Then graph both the relation and its inverse. Sal =4 
We interchange x and y and obtain an equation of the inverse: 
x= 3y-4. Inverse: 
Relation: y = 3x — 4 Inverse: x = 3y — 4 5 
2 
3 
5 
0 —4 —4 0 
1 =] =] 1 
2 2 2 2 
3 5 5 a 
x=3y-4 
y=3x-4 ) 


Note in Example 2 that the relation y = 3x — 4 is a function and its 
inverse relation x = 3y — 4 is also a function. Each graph passes the vertical- 
line test. (See Section 2.2.) 


' EXAMPLE 3 Find an equation of the inverse of the relation 


y = 6x — x’. 


Then graph both the original relation and its inverse. 
We interchange x and y and obtain an equation of the inverse: 
x = 6y— y’. 


2 


Relation: y = 6x — x Inverse: x = 6y — y? 


Answers 
oe | =7 -7 -] 2. spy yy y 
0 0 0 0 = 6/0 
1 5 5 1 2|2 
3 9 9 3 0/3 
5 5 5 5 -4)|5 
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Note in Example 3 that the relation y = 6x — x? is a function because it 
passes the vertical-line test. However, its inverse relation x = 6y — y? isnota 
function because its graph fails the vertical-line test. Therefore, the inverse of 
a function is not always a function. 


3. Find an equation of the inverse 
relation. Then complete the 
table and graph both the 
original relation and its inverse. 


Relation: Do Exercises 2 and 3. (Exercise 2 is on the preceding page.) 
Va = eae 7 


(b) Inverses and One-To-One Functions 


Let’s consider the following two functions. 


S COM = Se 
NRoOBN 


NUMBER FIRST-CLASS 
Inverse: (Domain) YEAR POSTAGE COST, IN CENTS 
(Domain) (Range) 

: =}—_ =9 999 na OO 
2 =i ss il 2000 

23 o—s 2001 ———————> 34 

4 ss X00 <= 7 

I——_—s 2006 ————————> 39 

3——> 27 2007 —————> 41 

) 2.0 Sele. 

2009 ————————> 44 


X J 


SOURCE: U.S. Postal Service 


Suppose we reverse the arrows. Are these inverse relations functions? 


CUBE ROOT NUMBER FIRST-CLASS 
(Range) (Domain) YEAR POSTAGE COST, IN CENTS 
(Range) (Domain) 


1999 aa 33 
2000 

2001 <—_————— 34 
A. <= 37 
2.06). 
2007 <—————_ 41 


2008 <——_—___ 42 
2009 <—_ 44 


X J 
Answers We see that the inverse of the cubing function is a function. The inverse 
3. Inverse: of the postage function is not a function, however, because the input 33 has 


x=y*—4yt+7 


two outputs, 1999 and 2000. Recall that for a function, each input has exactly 
one output. However, it can happen that the same output comes from two or 
more different inputs. If this is the case, the inverse cannot be a function. 
When this possibility is excluded, the inverse is also a function. 

In the cubing function, different inputs have different outputs. Thus its 
inverse is also a function. The cubing function is what is called a one-to-one 
function. If the inverse of a function fis also a function, it is named f~! (read 
“f-inverse”). 


NPwOPAN |S 
BWNHEO |< 


Caution! 


The —1 in f~! is not an exponent and f—! does not represent a reciprocal! 
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ONE-TO-ONE FUNCTION AND INVERSES 


A function f is one-to-one if different inputs have different outputs— 
that is, 


if az#b, then f(a) # f(b). Or, 
A function f is one-to-one if when the outputs are the same, the 
inputs are the same—that is, 

if f(a) =f(b), then a=b. 
If a function is one-to-one, then its inverse is a function. 
The domain of a one-to-one function f is the range of the inverse f!. 
The range of a one-to-one function f is the domain of the inverse f!. 


How can we tell graphically whether a function is one-to-one and thus 
has an inverse that is a function? 


EXAMPLE 4 The graph of the exponential function f(x) = 2*, or y = 2%, 
is shown on the left below. The graph of the inverse x = 2Y is shown on the 
right. How can we tell by examining only the graph on the left whether it has 
an inverse that is a function? 


We see that the graph on the right passes the vertical-line test, so we know 
it is the graph of a function. However, if we look only at the graph on the left, we 
think as follows: 

A function is one-to-one if different inputs have different outputs. In 
other words, no two x-values will have the same y-value. For this function, 
we cannot find two x-values that have the same y-value. Note also that no 
horizontal line can be drawn that will cross the graph more than once. The 
function is thus one-to-one and its inverse is a function. ) 


THE HORIZONTAL-LINE TEST 


If it is possible for a horizontal line to intersect the graph of a function 
more than once, then the function is not one-to-one and therefore its 
inverse is not a function. 
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Determine whether the function is 
one-to-one and thus has an inverse 
that is also a function. 


4. f(x) =4-—x 


6. f(x) = 4* 
(Sketch this graph yourself.) 


nes 


=a-4-3-2-1) [1238480 ¢ 


Taf= |x| 3 
(Sketch this graph yourself.) 


Answers 
4. Yes 5. No 6. Yes 7. No 


A graph is that of a function if no vertical line crosses the graph more 
than once. A function has an inverse that is also a function if no horizontal 
line crosses the graph more than once. 


EXAMPLE 5 Determine whether the function f(x) = x? is one-to-one and 
has an inverse that is also a function. 


The graph of f(x) = x*, or y = x, is shown on the left below. There are 
many horizontal lines that cross the graph more than once, so this function is 
not one-to-one and does not have an inverse that is a function. 


VA y 
9 
i fO) = x’, 
or 
7 
6 yar 
5 
3 y=4 x 
2 
1 
> 
ee Gg 1234 x 


The inverse of the function y = x? is the relation x = y*. The graph of 
x = y” is shown on the right above. It fails the vertical-line test and is not a 
function. ) 


Do Exercises 4-7. 


(C) Inverse Formulas and Graphs 


Suppose that a function is described by a formula. If it has an inverse that is 
a function, how do we find a formula for the inverse function? If for any 
equation with two variables such as x and y we interchange the variables, we 
obtain an equation of the inverse relation. We proceed as follows to find a 
formula for f—!. 


If a function f is one-to-one, a formula for its inverse f~! can be found 
as follows: 

1. Replace f(x) with y. 

2. Interchange x and y. (This gives the inverse relation.) 

3. Solve for y. 

4. Replace y with f~!(x). 


EXAMPLE 6 Givenf(x) =x +1: 

a) Determine whether the function is one-to-one. 
b) If it is one-to-one, find a formula for f~!(x). 

c) Graph the inverse function, if it exists. 
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a) The graph of f(x) = x + 1 is shown below. It passes the horizontal-line 
test, so it is one-to-one. Thus its inverse is a function. 


> 
x 
b) 1. Replace f(x) with y: y=xrl. 
2. Interchange x andy: x=ytl. This gives the inverse relation. 
3. Solve fory: x-1l=y. 


4. Replace y withf—!(x): f-'(x) =x- 1. 


c) We graph f-!(x) = x — 1, ory = x — 1. The graph is shown below. 


3 
ff -w=e=1 


) EXAMPLE 7 Given f(x) = 2x — 3: 
a) Determine whether the function is one-to-one. 
b) If it is one-to-one, find a formula for f~!(x). 
c) Graph the inverse function, if it exists. 


a) The graph of f(x) = 2x — 3 is shown below. It passes the horizontal-line 
test and is one-to-one. 


> 
-5-4-3-2-1 23 4 5 x 


ff) =2x-3 
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b) 1. Replace f(x) withy: = 2x - 3. 
Given each function: place f(x) y y 


; oe 2. Interchange x andy: x = 2y - 3. 
a) Determine whether it is 
one-to-one. 3. Solve fory: x+3 = 2y 
b) Ifit is one-to-one, find a formula x+3 =y 
for the inverse. 2 , 
c) Graph the inverse function, if it oe x+3 
exists: 4, Replace y with f—!(x): f7!(x) = 5 
8. f(x) =3-x 
fe) c) We graph 


Do Exercises 8 and 9. 


Let’s now consider inverses of functions in terms of a function machine. 
Suppose that a one-to-one function f is programmed into a machine. If the 
machine has a reverse switch, when the switch is thrown, the machine per- 
forms the inverse function f~!. Inputs then enter at the opposite end, and the 
entire process is reversed. 


oO i= x43 ~ f'@) 
utputs, f (x) ; , 
Qa Inputs 
if = 
<i Inputs 
f(x) 
i f Outputs, f(x) = 2x— 3 


Answers 
ra a he oa Consider f(x) = 2x — 3 and f(x) = (x + 3)/2 from Example 7. For the 
input 5, 


f(5)=2-5-3=10-3=7. 


The output is 7. Now we use 7 for the input in the inverse: 


7 7+3 10 
f-'@) =3-x PH 3 === 


9. (a) Yes; (b) g-1(x) = ~ 


ia os The function f takes 5 to 7. The inverse function f~! takes the number 7 
Cc 


back to 5. 
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How do the graphs of a function and its inverse compare? 


| EXAMPLE 8 Graph f(x) = 2x — 3andf—!(x) = (x + 3)/2 using the same 
set of axes. Then compare. 

The graph of each function follows. Note that the graph of f~! can be 
drawn by reflecting the graph of facross the line y = x. That is, if we graph 
f(x) = 2x — 3 in wet ink and fold the paper along the line y = x, the graph of 
f-'(x) = (x + 3)/2 will appear as the impression made by f. 


When x and y are interchanged to find a formula for the inverse, we are, 10. Graph g(x) = 3x — 2and 
in effect, flipping the graph of f(x) = 2x — 3 over the line y = x. For example, g 1(x) = (x + 2)/3 using the 
when the coordinates of the y-intercept of the graph of f, (0, —3), are reversed, same set of axes. 


we get the x-intercept of the graph of f~!, (—3, 0). 


The graph of f~! is a reflection of the graph of f across the line y = x. 


Do Exercise 10. 


) EXAMPLE 9 Consider g(x) = x? + 2. 


a) Determine whether the function is one-to-one. 
b) Ifit is one-to-one, find a formula for its inverse. 


c) Graph the inverse, if it exists. 


a) The graph of g(x) = x3 + 2is 
shown at right in red. It passes 
the horizontal-line test and 
thus is one-to-one. 


Answer 
10. 
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11. Given f(x) = x3 + 1: 
a) Determine whether the 
function is one-to-one. 


b) Ifit is one-to-one, find a 
formula for its inverse. 

c) Graph the function and its 
inverse using the same set of 
axes. 


Answer 
11. (a) Yes; (b) f(x) = Wx - 1; 
(c) y 


f@ =x341 


b) 1. Replace g(x) withy: y=x3 + 2, 
2. Interchange x andy: =y> + 2, 
3. Solve fory: x-2=y3 
Sea rny 


together on the preceding page. 


Do Exercise 11. 


We can now see why we exclude 1 as a 
base for an exponential function. 
Consider 


f(x) =a*=F=1. 


The graph of f is the horizontal line y = 1. 
The graph is not one-to-one. The function 
does not have an inverse that is a function. 


Since a number has only one 
cube root, we can solve for y. 


4, Replace y with g(x): g H(x) = Wx - 2. 
c) To find the graph, we reflect the graph of g(x) = x? + 2 across the line 
y = x, as we did in Example 8. It can also be found by substituting into 
g !(x) = Wx — 2 and plotting points. The graphs of g and g~! are shown 


1 


fW=l=1 


<< 


x 


All other positive bases yield exponential functions that are one-to-one. 


Calculator Corner 


Graphing an Inverse Function The prawinv operation can be 
used to graph a function and its inverse on the same screen. A formula for the inverse 
function need not be found in order to do this. The graphing calculator must be set in 


FUNC mode when this operation is used. 


To graph f(x) = 2x — 3 and f(x) using the same set of axes, we first clear 
any existing equations on the equation-editor screen and then enter y, = 2x — 3. 
Now, we press Gy Ge) Cs) to select the DRAWINV operation. (DRAW is the 
second operation associated with the @gp key.) We press GP) CIC) to 
indicate that we want to graph the inverse of y;. Then we press Gg to see the graph 
of the function and its inverse. The graphs are shown here in a squared window. 


Drawinv Y1 


Exercises: Use the DRAWINV operation ona graphing calculator to graph each 


function with its inverse on the same screen. 


y= 22-3 
6 


1. f(x) =x-5 2. f(x) = 3x 


3. f(x) = x? +2 
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(d) Composite Functions 


In the real world, functions frequently occur in which some quantity depends 
on a variable that, in turn, depends on another variable. For instance, the 
number of employees hired by a firm may depend on the firm’s profits, which 
may in turn depend on the number of items the firm produces. Such func- 
tions are called composite functions. 

For example, the function g that gives a correspondence be- 
tween women’s shoe sizes in the United States and those in Italy is 
given by g(x) = 2x + 24, where x is the U.S. size and g(x) is the 
Italian size. Thus a U.S. size 4 corresponds to a shoe size of 
g(4) = 2-4 + 24, or 32, in Italy. 

There is also a function that gives a correspondence between 
women’s shoe sizes in Italy and those in Britain. The function is 
given by f(x) = $x — 14, where x is the Italian size and f(x) is the 
corresponding British size. Thus an Italian size 32 corresponds to a 
British size f(32) = $(32) — 14, or 2. 

It seems reasonable to conclude that a shoe size of 4 in the 
United States corresponds to a size of 2 in Britain and that some 
function h describes this correspondence. Can we find a formula 
for h? If we look at the following tables, we might guess that such a 
formula is h(x) = x — 2, and that is indeed correct. But, for more 
complicated formulas, we would need to use algebra. 


Britain 


h(x) =? 


A shoe size x in the United States corresponds to a shoe size g(x) in Italy, 
where 


g(x) = 2x + 24, 


Now 2x + 24 is ashoe size in Italy. If we replace x in f(x) = 3x — 14with g(x), 
or 2x + 24, we can find the corresponding shoe size in Britain: 


f(x) =}x-14 


f(g(x)) = f(2x + 24) = 5[2x + 24] - 14 
=x+12-14=x-2. 


This gives a formula for h: 
h(x) =x - 2. 


Thus a shoe size of 4 in the United States corresponds to a shoe size of 
h(4) = 4 — 2, or 2, in Britain. The function h is the composition of fand g, 
symbolized by f° g. To find (f° g) (x), we substitute g(x) for x in f(x). 
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COMPOSITE FUNCTION 


The composite function f° g, the composition of fand g, is defined as 


(fe 8) (x) = f(g(x)). 


We can visualize the composition of functions as follows. 


Inputs 
 *w/ 
1S 
f 
= | 
Acomposition machine for f(g(x)) ” A 


Outputs, f(g(x)) 
or ( feg)(x) 


| EXAMPLE 10 Given f(x) = 3x and g(x) = 1+ x?: 
a) Find (f° g) (5) and (g¢ f) (5). 
b) Find (fo g) (x) and (g° f) (x). 
We consider each function separately: 
f(x) = 3x This function multiplies each input by 3. 
and g(x) =1+ x’. This function adds 1 to the square of each input. 


= f(g(5)) = f(l + 57) = f(26) = 3(26) = 78; 
= g(f(5)) = 9(3-5) = g(15) = 1 + 152 = 1 + 225 = 226 


+ x*) Substituting 1 + x? for g(x) 


(g°f) (x) = a(f(x)) 
= 9(3x) Substituting 3x for f(x) 
= 1+ (3x)? 
= 1+ 9x? 


We can check the values in part (a) with the formulas found in part (b): 


(fog) (x) = 3 + 3x? (ge f)(x) = 1+ 9x? 
(fo g)(5)=34+3-52 (g°f)(5)=1+9-52 
=34+3-25 =1+9-25 
=3+75 = 1+ 225 
12. Given f(x) = x + Sand = 78; = 226. ) 


g(x) = x* — 1, find (fe g) (x) 


and (g° f) (x). = : 
ample 10 shows that (f° g) (5) # (g° f) (5) and, in general, (f° g) (x) # 
(°f) (x). 
Answer Do Exercise 12. | 


12. x2 + 4;x2 + 10x + 24 
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' EXAMPLE 11 Given f(x) = Vx and g(x) =x -— 1, find (fe g)(x) and 


(8° f) (x). 
(fe 8) (x) = flg(x)) = fle — I) = Vx - I; 
(g°f)(x) = a(f(x)) = (Vx) = Vx—1 ) 


| Do Exercise 13. 


It is important to be able to recognize how a function can be expressed, 
or “broken down,” as a composition. Such a situation can occur in a study of 
calculus. 


EXAMPLE 12 Find f(x) and g(x) such that h(x) = (f° g) (x): 
h(x) = (7x + 3)?. 


This is 7x + 3 to the 2nd power. Two functions that can be used for the 
composition are f(x) = x* and g(x) = 7x + 3. We can check by forming the 
composition: 


h(x) = (fe g) (x) = flg(x)) = f(7x + 3) = (7x + 3). 


This is the most “obvious” answer to the question. There can be other less 
obvious answers. For example, if 


f(x) = (x -—1)*% and g(x) = 7x + 4, 
then h(x) = (fog) (x) = f(g(x)) = f(7x + 4) = (7x + 4-1)? = (7x + 3)?. 
) 


Do Exercise 14. 


(e) Inverse Functions and Composition 


Suppose that we used some input x for the function fand found its output, 
f(x). The function f~! would then take that output back to x. Similarly, if we 
began with an input x for the function f~! and found its output, f~!(x), the 
original function f would then take that output back to x. 


Ifa function f is one-to-one, then f~! is the unique function for which 


(fe f)(x) =x and (fe fo) (x) =x. 


| EXAMPLE 13 Let f(x) = 2x — 3. Use composition to show that 


x+3 


ff) = 5 
We find (f~! © f) (x) and (f° f~+) (x) and check to see that each is x. 
(f°f)(@) =f" G@) (feof) (x) = F(x) 


(See Example 7.) 


= f-1(2x — 3) 7 (243) 
(2x — 3) +3 TAS 
— ~~ 4 re 
_ 2x : 
“9 =x+3-3 
=x; =x ) 


| Do Exercise 15. 


13. Given f(x) = 4x + 5and 
g(x) = Wx, find (fe g) (x) and 
(g°f) (x). 


14. Find f(x) and g(x) such that 
h(x) = (f° g) (x). Answers 
may vaty. 

a) h(x) = Wx2 +1 


b) h(x) = 


(x + 5)4 


15. Let f(x) = 3x - 4. 
Use composition to show that 


Fala = i Le 


Answers 

13. 4x + 5; Wax +5 

14. (a) f(x) = Wx; g(x) = x? + 1; 

(b) f(x) = =i et) =x+5 

15. (f° f) (x) =f '(f(a)) =f 1G x - 4) 
3(2x - 4) +12 
—_— 


_ 2x-124+12 
2 


Si 
Eo 


(fer) = F010) = (ZS ¥) 


-2(2 52) 4 
3 2 

_ 6x + 24 
= 
HEx+4-4=x 


4 
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swan §6Exercise Set 


(a) Find the inverse of each relation. Graph the original relation in red and then graph the inverse relation in blue. 


is 
PRACTICE WATCH DOWNLOAD READ REVIEW 


For Extra Help 
MyMathLab |) mre TB 


1. {(1,2), (6, —3), (~3, 5) } 2. {(3, -1), (5,2), (5, ~3), (2, 0) 


Find an equation of the inverse of the relation. Then complete the second table and graph both the original relation and 
its inverse. 


3. y= 2x+6 4. y = 5x2 — 8 


-1 4 4 —4 0 0 

0 6 6 =2, —6 —6 

1 8 8 0 -8 -8 

2 10 10 2 =6 —6 

3 12 12 4 0 0 
—————r 


246 8 x 246861012 x 


(b) Determine whether each function is one-to-one. 


5. f(x) =x—-5 6. f(x) = 3 — 6x 7. f(x) = 2" 2 8. f(x) = 4 — x? 


le 


Role 


9. f(x) = |x| -— 3 10. f(x) = |x - 2| 11. f(x) = 3% 12. f(x) = ( 


Copyright © 2011 Pearson Education, Inc. 
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( Cc) Determine whether each function is one-to-one. If it is, find a formula for its inverse. 


=2 1 
13. f(x) = 5x - 2 14. f(x) =4 + 7x 15. f(x) = — 16. f(x) = : 
17. f(x) =4x+7 18. f(x) = —fx +2 19. f(x) = a 20. f(x) = — 
: “3 : ~ 8 : x $5 : —x—8 
2x+1 2x - 1 
21. f(x) =5 22. f(x) = —2 23. f(x) = ne 24. f(x) = eee 
25. f(x) =x3- 1 26. f(x) = 3x3 +5 27. f(x) = Wx 28. f(x) = Wx-—4 
Graph each function and its inverse using the same set of axes. 
29. f(x) = 3x => 3; 30. g(x) =x +4, 
a —— g-G) =. 
fx) gi) ea 
-4 —5 a 75 
0 -3 0 -4 
2 ~2 3 =) 
4 =f 5 1 
ee 4 ae —__1—___- \ / 
wy YA 
5 5 
4 4 
3 3 
2 2 
1 1 
-5-4-3-2-1,] 12345 x -5-4-3-2-1,] 12345 | x 
7) 2 
13 3 
4 —4 
5 —5 
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f\(x) 


12345 % 


34. f(x) = 9 — 6x, 
g(x) = 0.37x + 4 


Find f(x) and g(x) such that h(x) = (f° g) (x). Answers may vary. 
42. h(x) = 4(3x — 1)? +9 


41. h(x) = (5 — 3x)? 
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Exponential and Logarithmic Functions 


35. f(x) = 3x? + 2, 


g(x) = 2x-1 


39. f(x) = x2 +5, 


g(x) = 22-5 


43. h(x) = V5x + 2 


12345 


36. f(x) = 4x + 3, 


g(x) = 2x*-5 
40. f(x) = a 
x 
g(x) =x-1 


Copyright © 2011 Pearson Education, Inc. 


(e) For each function, use composition to show that the inverse is correct. 


51. f(x) = x, 52. f(x) =x - 3, 
f(x) = 4x fol(x) =x +3 

B4. f(x) = “x 1, 55. f(x) =+ : 2 
Pw -=S f= 


Find the inverse of the given function by thinking about the operations of the function and then reversing, or undoing, them. 


Then use composition to show whether the inverse is correct. 


Function Inverse 
57. f(x) = 3x f(x) = 
59. f(x) = —x f(x) = 
61. f(x) = Wx—5 fa) = 


63. Dress Sizes in the United States and France. A size-6 
dress in the United States is size 38 in France. A function 
that converts dress sizes in the United States to those in 
France is 


f(x) = x + 32. 


a) Find the dress sizes in France that correspond to sizes 
of 8, 10, 14, and 18 in the United States. 

b) Determine whether this function has an inverse that 
is a function. If so, find a formula for the inverse. 

c) Use the inverse function to find dress sizes in the 
United States that correspond to sizes of 40, 42, 46, 
and 50 in France. 


Function Inverse 
58. f(x) =4x+7 f(x) = 
60. f(x) = Wx -5 f(x) = 
62. f(x) = x7} i (= 


64. Dress Sizes in the United States and Italy. A size-6 
dress in the United States is size 36 in Italy. A function 
that converts dress sizes in the United States to those 
in Italy is 

f(x) = 2(x + 12). 

a) Find the dress sizes in Italy that correspond to sizes of 
8, 10, 14, and 18 in the United States. 

b) Determine whether this function has an inverse that 
is a function. If so, find a formula for the inverse. 

c) Use the inverse function to find dress sizes in the 
United States that correspond to sizes of 40, 44, 52, 
and 60 in Italy. 
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Skill Maintenance 


Use rational exponents to simplify. [6.2d] 


65. W/a2 66. V/x4 67. V.a4b® 68. V/8r5 

69. W/81 70. W/32 71. \/64x6y6 72. Wp? 

73. W/32a15p40 74, W/1000x9y!8 75. W/81a8p8 76. W/27p3q9 
Synthesis 

lAwA In Exercises 77-80, use a graphing calculator to help determine whether or not the given functions are inverses of each other. 
77. f(x) = 0.75x? + 2; g(x) = “ 78. f(x) = 1.4x3 + 3.2; g(x) = po 

79. f(x) = V2.5x + 9.25; g(x) = 0.4x” — 3.7,x = 0 80. f(x) = 0.8x!/2 + 5.23; g(x) = 1.25(x* — 5.23),x =0 


81. lass Usea graphing calculator to help match each function in Column A with its inverse from Column B. 
Column A Column B 


Wx - 10 


(lL) y = 5x3 + 10 A. y= 
(2) y = (5x + 10)3 B. y=J—-10 


(3) y=5(x+10)3 Gy= 32 _ 


(4) y = (5x)? + 10 D. y= 


In Exercises 82 and 83, graph the inverse of f. 
82. y 83. y 


% x 
84. Examine the following table. Does it appear that fand g 85. Assume in Exercise 84 that fand g are both linear 
could be inverses of each other? Why or why not? functions. Find equations for f(x) and g(x). Are fand g 
inverses of each other? 
fix) | g(x) 
6 6 6 
7 6.5 8 
8 7 10 
9 7.9 12 
10 8 14 
11 8.5 16 
12 9 18 
X J 
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We are now ready to study inverses of exponential functions. These functions 
have many applications and are referred to as logarithm, or logarithmic, 
functions. 


(a) Graphing Logarithmic Functions 


Consider the exponential function f(x) = 2*. Like all exponential functions, 
fis one-to-one. Can a formula for f~! be found? To answer this, we use the 
method of Section 8.2: 


1. Replace f(x) withy: y = 2%, 
2. Interchange x andy: x = 2Y, 
3. Solve for y: y = the power to which we raise 2 to 


get x. 
4, Replace y with f~!(x): f~!(x) = the power to which we raise 2 to 
get x. 


We now define a new symbol to replace the words “the power to which we 
raise 2 to get x.” 


MEANING OF LOGARITHMS 


log» x, read “the logarithm, base 2, of x,” or “log, base 2, of x,” means 
“the power to which we raise 2 to get x.” 


= 
aad 


“f= log, x 


Few FF ODN © OO : 


y fii: : : 
2 > 
2345 67 8 9 x 


Thus if f(x) = 2%, then f~!(x) = loga x. Note that f-!(8) = log28 = 3, be- 
cause 3 is the power to which we raise 2 to get 8; that is, 23 = 8. 

Although expressions like logs 13 can be only approximated, remember 
that logs 13 represents the power to which we raise 2 to get 13. That is, 
2iog2 13 = 13, 


| Do Exercise 1. 


1. Write the meaning of log> 64. 
Then find log» 64. 


Answer 


1. log 64 is the power to which we raise 2 to 
get 64; 6 


8.3 Logarithmic Functions 703 


704 


CHAPTER 8 


For any exponential function f(x) = a*, the inverse is called a loga- 
rithmic function, base a. The graph of the inverse can, of course, be drawn 
by reflecting the graph of f(x) = a* across the line y = x. It will be helpful to 
remember that the inverse of f(x) = a* is given by f~!(x) = log, x. Normally, 
we use a number a that is greater than 1 for the logarithm base. 


is fd = log, % 
y=log,%a>1 


LOGARITHMS 


The inverse of f(x) = a* is given by 


f(x) = logax. 


We read “log, x’ as “the logarithm, base a, of x.” We define y = log, x 
as that number y such that a’ = x, where x > 0 and ais a positive 
constant other than 1. 


It is helpful in dealing with logarithmic functions to remember that the 
logarithm of a number is an exponent. For instance, log, x is the exponent y 
in x = a. Keep thinking, “The logarithm, base a, of a number x is the power 
to which a must be raised in order to get x.” 


EXPONENTIAL FUNCTION LOGARITHMIC FUNCTION 


y=ar x= ay 
f(x) = a* f(x) = logax 
a>0,a#l1 a>0,a#l 
Domain = The set of real numbers Range = The set of real numbers 
Range = The set of positive numbers Domain = The set of positive numbers 
X y 


Why do we exclude 1 from being a logarithm base? See the graph below. 
If we allow 1 as a logarithm base, the graph of the relation y = log) x, or 
x = 1¥ = 1, is a vertical line, which is not a function and therefore not a loga- 
rithmic function. 


y 
y = log, x, 
or 
x=1 1 Nota 
function 
> 
-2 -1 2 % 


Exponential and Logarithmic Functions 


' EXAMPLE1 Graph: y = f(x) = logs.x. 


The equation y = logs x is equivalent to 5Y = x. We can find ordered pairs 
that are solutions by choosing values for y and computing the corresponding 


x-values. 
Foty = 0,x = 5° = 1, 
For y= (x= 5' =. 
Bory = 2,x% = 5" = 25. 
For y = 3,x = 5° = 125. 


1 

Fory=—-lx=5 t=. 
y g 

For 2x=5% : 
y 25° 


The table shows the following: 
logs 1 = 0; 
logs5 = 1; 
logs 25 = 2; 
logs 125 = 3; 
logs = —1; 
logs ss = —2. 

We plot the ordered pairs and 


connect them with a smooth 
curve. The graph of y = 5* has 


been shown only for reference. 


S 
—_—= (1) Select y. 
(2) Compute x. 


These can all be checked 
using the equations above. 


x 
> 


rFPnwmwe an DAN @& 


ul y=log,x 


-4-3-2-17 
i 
re - 
a =o 
7 
4 —4 


+ 
SF ae iss na a 


Do Exercise 2. 


(b) Converting Between Exponential 
Equations and Logarithmic Equations 


We use the definition of logarithms to convert from exponential equations to 


logarithmic equations. 


CONVERTING BETWEEN EXPONENTIAL EQUATIONS 
AND LOGARITHMIC EQUATIONS 


y = logax 


ay=x y 


= loggx 


Be sure to memorize this relationship! It is probably the most 
important definition in the chapter. Often this definition will be a 
justification for a proof or a procedure that we are considering. 


2. Graph: y = f(x) = log3x. 


Answer 


y=fm= log,x 
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Convert to a logarithmic equation. 
3. 69 = 1 4. 1073 = 0.001 


5. 16925 = 2 6. m? = P 


Convert to an exponential equation. 
7. logs 32 = 5 


8. log 19 1000 = 3 


9. loggQ=7 10. log; M = x 
Solve. 
11. logigx = 4 
12. log, 81 = 4 
13. logax = —2 
Answers 
3. 0=loggl 4. —3 = log)90.001 
5. 0.25 = logig2 6. T = logmP 
7.25=32 8.107=1000 9.a’=Q 
10.t*=M 11. 10,000 12.3 13. 2 


4 
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' EXAMPLES Convert to a logarithmic equation. 


V V | 
2. 8 = 2* x = log28 The exponent is the logarithm. 
t - The base remains the same. 
3 yl=4 —1 = logy4 
4g? =e b = logge ) 


Do Exercises 3-6. 


We also use the definition of logarithms to convert from logarithmic 
equations to exponential equations. 


! EXAMPLES Convert to an exponential equation. 


v V | 
5. y = log35 3Y=5 The logarithm is the exponent. 
‘i 4 The base does not change. 
6. —2 = log,7 ge=7 
7. a= logpd bt=d ) 


Do Exercises 7-10. 


(€) Solving Certain Logarithmic Equations 


Certain equations involving logarithms can be solved by first converting to 
exponential equations. We will solve more complicated equations later. 


|! EXAMPLE 8 Solve: logs x = —3. 


logox = —3 
23° =x Converting to an exponential equation 
1 
33 =x 
1 
om x 


Check: logs # is the exponent to which we raise 2 to get §. Since 2-3 = }, we 
know that j checks and is the solution. ) 


| EXAMPLE 9 Solve: log,16 = 2. 


log, 16 = 2 
4° = 16 Converting to an exponential equation 
x=4 or x=-4 Using the principle of square roots 


Check: log,16 = 2 because 4* = 16. Thus, 4 is a solution. Since all loga- 
rithm bases must be positive, log_4 16 is not defined. Therefore, —4 is nota 
solution. 


Do Exercises 11-13. 


Exponential and Logarithmic Functions 


To think of finding logarithms as solving equations may help in some 
cases. 


EXAMPLE 10 Find logyo 1000. 


METHOD 1: Let logj9 1000 = x. Then 


10* = 1000 Converting to an exponential equation 
10* = 108 


x = 3. The exponents are the same. 


Therefore, logj9 1000 = 3. 


METHOD 2: Think of the meaning of log) 1000. It is the exponent to which 
we raise 10 to get 1000. That exponent is 3. Therefore, log;9 1000 = 3. h 


EXAMPLE 11 Find log; 0.01. 


METHOD 1: Let log;90.01 = x. Then 


10* = 0.01 Converting to an exponential equation 


1 
10* = —— 
100 
10* = 10°? 
x= -2. The exponents are the same. 


Therefore, log} 90.01 = —2. 


METHOD 2: logy;g0.01 is the exponent to which we raise 10 to get 0.01. 
Noting that 


1 1 
(=< S10, 
100102 
we see that the exponent is —2. Therefore, log;9 0.01 = —2. ) 


EXAMPLE 12 Find logs 1. 


METHOD 1: Letlogs1 = x. Then 


5*=1 Converting to an exponential equation 
5* = 59 
x= 0. The exponents are the same. 


Therefore, logs 1 = 0. 


METHOD 2: logs 1 is the exponent to which we raise 5 to get 1. That exponent 
is 0. Therefore, logs 1 = 0. 


Do Exercises 14-16. 


THE LOGARITHM OF 1 


For any base a, 


loggl1 = 0 
The logarithm, base a, of 1 is always 0. 


Find each of the following. 


14. logj9 10,000 
15. logj9 0.0001 


16. log71 


Answers 
14.4 15.-4 16.0 
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Simplify. 
17. log31 18. log33 
19. log.c 20. log, 1 


Find the common logarithm, to four 
decimal places, on a scientific or 
graphing calculator. 


21. log 78,235.4 
22. log 0.0000309 
23. log (—3) 


24, Find 
log 1000 and log 10,000 


without using a calculator. 
Between what two whole 
numbers is log 9874? Then 
on a calculator, approximate 
log 9874, rounded to four 
decimal places. 


Answers 


17. 0 18. 1 19. 1 20. 0 21. 4.8934 
22. —4.5100 23. Does not exist as a real 
number 24. log 1000 = 3, log 10,000 = 4; 
between 3 and 4; 3.9945 


The proof follows from the fact that a9 = 1. This is equivalent to the 
logarithmic equation log, 1 = 0. 

Another property follows similarly. We know that a! = a for any real 
number a. In particular, it holds for any positive number a. This is equivalent 
to the logarithmic equation log, a = 1. 


THE LOGARITHM, BASE a, OF a 


For any base a, 


log,ga = 1. 


| EXAMPLE 13 Simplify: log,, 1 and log;t. 


logm 1 = 0; log;t = 1 ) 


Do Exercises 17-20. 


(d) Finding Common Logarithms 
on a Calculator 


Base-10 logarithms are called common logarithms. Before calculators 
became so widely available, common logarithms were used extensively to do 
complicated calculations. In fact, that is why logarithms were invented. The 
abbreviation log, with no base written, is used for the common logarithm, 
base-10. Thus, 


log29 means log) 29. | Be sure to memorize | 


loga = logjga. 


We can approximate log 29. Note the following: 
log 100 = log) 100 = 2; 

log 29 = 2; 

log 10 = logjg 10 = 1. 


It seems reasonable to conclude 
that log 29 is between 1 and 2. 


On a scientific or graphing calculator, the key for common logarithms is 
generally marked @. We find that 


log 29 © 1.462397998 ~ 1.4624, 


rounded to four decimal places. This also tells us that 10!-4°°* = 29, 
On some scientific calculators, the keystrokes for doing such a calcula- 
tion might be 


DOSE. The display would then read 1.462398. 
Using a graphing calculator, the keystrokes might be 
| LOG KEPIE DT ENTER The display would then read 1.462397998. 


EXAMPLES Find the common logarithm, to four decimal places, on a 
scientific or graphing calculator. 


Function Value Readout Rounded 
14. log 287,523 5.458672591 5.4587 
15. log 0.000486 —3.313363731 —3.3134 


16. log (—5) NONREAL ANS Does not exist 


as a real number 
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In Example 16, log (—5) does not exist as a real number because there is 

no real-number power to which we can raise 10 to get —5. The number 10 

raised to any power is nonnegative. The logarithm of a negative number does 
not exist as a real number (though it can be defined as a complex number). 

J 


| Do Exercises 21-24 on the preceding page. 


We can use common logarithms to express any positive number as a 
power of 10. We simply find the common logarithm of the number on a cal- 


culator. Considering very large or very small numbers as powers of 10 might 25. Complete the following table to 
be a helpful way to compare those numbers. express each number in the first 
column as a power of 10. Round 
EXAMPLE 17 Complete the following table to express each number in each exponent to the nearest 
the first column as a power of 10. Round each exponent to the nearest ten- ten-thousandth. 
thousandth. 
We simply find the common logarithm of the number using a calculator. eueeal ee 
Se 
4 4 ~ 100-6021 947 
625 62521071992 634,567 
134,567 134,567 ~ 105-1289 
0.00567 0.00567 ~ 10° 2.2464 0.00708 
0.000374859 0.000374859 ~ 10 3426! 
186,000 186,000 ~ 105-2695 eee 
186,000,000 186,000,000 ~ 108-2695 18,600,000 
. 4 ) 
1860 


Do Exercise 25. 


The inverse of a logarithmic function is an exponential function. Thus, if 
f(x) = log x, then f-!(x) = 10*. Because of this, on many calculators, the Gp 
key doubles as the key after a @ or [SHIFT] key has been pressed. To find 
10°-4987 on a scientific calculator, we might enter 5.4587 and press Go®). On 
many graphing calculators, we press GJ Gox), followed by 5.4587. In either 
case, we get the approximation 


109-4987 ~ 287,541.1465. 


Compare this computation to Example 14. Note that, apart from the 
rounding error, 10-498’ takes us back to about 287,523. 26. Find 104-8954 using a calculator. 
(Compare your computation to 


| Do Exercise 26. that of Margin Exercise 21.) 


Using the scientific keys on a calculator would allow us to construct a 
graph of f(x) = logigx = logx by finding function values directly, rather 
than converting to exponential form as we did in Example 1. 


ft) = log 19x 


(9, 0.95) 


0.9542 3 Answers 
1 4 25. 109-9031, 102-9763. 109-8025. 10~2-1500. 
L ) : Saal i : 103-1085, 197.2695; 193.2695 96, 78,234.8042 


0 
1 
2 
3 0.4771 -1 123456789 = *% 
5 
9 
0 


8.3 Logarithmic Functions 709 


For Extra Help — s 
Math. a 
MyMathLab | 20" | ae 


1. f(x) = logo x, ory = logo x 2. f(x) = logi9x, ory = logigx 
y = logox Do y = logiox x= 
A 
0 z : 
1 : : ; 
— a > 
2 halt a dg a io 8 8 x 
3 
—l 
=2 
=3 
XX ws 
3. f(x) = logi/3x 4. f(x) = logij2x 
ase 
: ica 2 : ee : 
oe 3 
4p 
Graph both functions using the same set of axes. 
5. f(x) = 3%, f-1(x) = log3x 6. f(x) = 4%, fol(x) = logyx 


34681012 % 


on: gts 
24681012. x 
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(b) Convert to a logarithmic equation. 


7. 10° = 1000 8 
11. 8/3 = 2 12 
15. e? =¢ 16. 
19. e2 = 7.3891 20. 


Convert to an exponential equation. 


23. w = log, 10 24 
20 logio 0.01 = —2 28. 
31. log, 100 = 4.6052 32. 


(c) Solve. 


35. log3x = 2 36. 
39. logs 16 = x 40. 
43. log,25 = 1 44. 
47. logox = -1 48. 


. 107 = 100 


. 1614/4 = 2 


e? = 20.0855 


. t= logs9 


logio 0.001 = —3 


loge 10 = 2.3026 


logax = 3 
log, 25 = x 
logy9 = 1 
log3x = —2 


~ 125 
13. 1003010 = 2 
17. Q°=x 


21. e~2 = 0.1353 


25. loge 36 = 2 
29. logj9 8 = 0.9031 


33. log,Q=k 


37. log, 16 = 2 
Al. log327 = x 


45. log3x = 0 


1 
49. | == 
Ofax = 3 


10. 4 


14, 


18. 


22. 


26. 


30. 


34. 


38. 


42. 


46. 


50. 


~ 1024 


109-4771 = 3 


e* = 0.0183 


log77 = 1 


logio0 2 = 0.3010 


logy, P=a 
log, 64 = 3 
log, 16 = x 
logox = 0 
log32x = : 
5 
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Find each of the following. 


51. 


55. 


59. 


63. 


67. 


71. 


75. 


79. 


log jo 100 52. logi9 100,000 53. logi9 0.1 
logi9 1 56. logio 10 57. logs 625 
log7 49 60. logs 125 61. logs8 
ieee 64. logs = 65. logs 1 
81 125 

logee 68. log, 1 69. logo79 

Find the common logarithm, to four decimal places, on a calculator. 
log 78,889.2 72. log 9,043,788 73. log 0.67 
log (—97) 76. log0 77. log (=) 
Complete the following table to express each number 


in the first column as a power of 10. Round each 
exponent to the nearest ten-thousandth. 


EXPRESSED AS A POWER OF 10 


987,606 


0.00987606 


98,760.6 


70,000,000 
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54. 


58. 


62. 


66. 


70. 


74. 


78. 


log 10 0.001 


log 64 


logg 64 


logg6 


logg 2 


log 0.0067 


80. Complete the following table to express each number 
in the first column as a power of 10. Round each 
exponent to the nearest ten-thousandth. 


EXPRESSED AS A POWER OF 10 


31.4 


31,400,000 


0.000314 


3.14 
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Skill Maintenance 


In each of Exercises 81-88, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


The of acomplex number a + biisa — bi. 
[6.8e] 
If a situation gives rise to a linear function f(x) = kx, where 


kis a positive constant, the situation is an example of 
variation. [5.8a] 


In the polynomial 6x° — 2x? + 4, 6x° is called the 
[4.1la] 


The expression b? — 4ac in the formula is 


called the . [74a] 


A system of equations that has no solution is called a(n) 
system. {[3.la] 


Graphs of quadratic functions are called 
[7.5a] 


For the graph of f(x) = (x — 2)? + 4, the line x = 2 is called the 


7.5a] 


A complex number is any number that can be named 
, where a and bare any real numbers and 


i= V-l1. [68a] 


Synthesis 


Graph. 


89. 


Solve. 
91. logyo5x = 3 92. |log3x| = 3 
94. log, (3x — 2) = 2 95. logg(2x + 1) = -1 


f(x) = log3|x + 1 


Simplify. 


97. log 1/4 a 


100. logs (logs (log, 256)) 


98. logs; 3 - log3 81 


101. logi/5 25 


direct 

indirect 

b? — 4ac 

at bi 
discriminant 
radical 
quadratic 
parabolas 
polynomials 

line of symmetry 
conjugate 
inverse 

leading term 
leading coefficient 
consistent 


inconsistent 


90. f(x) = logs (x — 1) 


93. logj28 x = 2 


96. logjo (x? + 21x) = 2 


99. logig (logs (og 81)) 
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SKILL TO REVIEW 
Objective 6.2c: Use the laws of 
exponents with rational exponents. 


Simplify. 
26 
1. (a) 10° - 10~; (b) 92 


2. (73/4)5/6 


Express as a sum of logarithms. 
1. logs (25 - 5) 


2. logy (PQ) 


Express as a single logarithm. 
3. log37 + log35 


4. logg] + loggA + loggM 


Answers 
Skill to Review: 
1 
1. (a) 1072, or 557 ot 0.01; (b) 24, or 16 
2. 79/8 


Margin Exercises: 
1. logs25 + log;5 2. log,P + log,Q 
3. log335 = 4. log, JAM) 
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The ability to manipulate logarithmic expressions is important in many 
applications and in more advanced mathematics. We now establish some 
basic properties that are useful in manipulating logarithmic expressions. 


(a) Logarithms of Products 


PROPERTY 1: THE PRODUCT RULE 


For any positive numbers M and N, 


log,(M-N) = loggM + log, N. 


(The logarithm of a product is the sum of the logarithms of the factors. 
The number a can be any logarithm base.) 


| EXAMPLE 1 
logs (4 16) = logo 4 + logs 16 


Express as a sum of logarithms: log» (4 - 16). 


By Property 1 ) 


| EXAMPLE 2 Express asa single logarithm: log) 0.01 + logyg 1000. 


log} 0.01 + logjg 1000 = logy (0.01 x 1000) By Property 1 
= logo 10 ) 


Do Margin Exercises 1-4. 


A PROOF OF PROPERTY 1 (OPTIONAL): We let log, M = x and log, N = y. Con- 
verting to exponential equations, we have a* = Mand a’ = N. Then we multi- 
ply to obtain 


M-N=a*-aY=a*’), 

Converting M - N = a**Y back to a logarithmic equation, we get 
logg(M:-N) =x+y. 

Remembering what x and y represent, we get 


log,(M- N) = loggM + log,N. 


(b) Logarithms of Powers 


PROPERTY 2: THE POWER RULE 


For any positive number M and any real number k, 


log, Mk = k- loggM. 


(The logarithm of a power of M is the exponent times the logarithm 
of M. The number a can be any logarithm base.) 


Exponential and Logarithmic Functions 


' EXAMPLES Express as a product. 
3. log,g9° = —5log,9 By Property 2 
4. logg W5 


log,5/4 — Writing exponential notation 
; logg5 By Property 2 p 


Express as a product. 


| Do Exercises 5 and 6. 5. log74° 6. log, V5 


A PROOF OF PROPERTY 2 (OPTIONAL): Welet x = log, M. Then we convert to an 
exponential equation to get a* = M. Raising both sides to the kth power, we 
obtain 


(a*)k = M*, or atk = MK, 

Converting back to a logarithmic equation with base a, we get log, M* = xk. 
But x = log, M, so (C Calculator Corner 
log, MF = (log, M)k = k- log, M. : 

8a (logaM) 8a Properties of 


: : Logarithms Use atableora 
(c) Logarithms of Quotients graph to determine whether each of the 


following is correct. 


PROPERTY 3: THE QUOTIENT RULE 1. log (5x) = log5 - logx 


; = + 
For any positive numbers M and N, 2. log (5x) = logs + logx 
3. logx* = logx- logx 
4 


M 
loga yy = logaM — logaN. . logx? = 2logx 


x log x 
(The logarithm of a quotient is the logarithm of the numerator 5. log (2) = log3 
minus the logarithm of the denominator. The number a can be any ‘ 
logarithm base.) 6. log (2) = logx — log3 


7. log (x + 2) = logx + log2 
8. log (x + 2) = logx - log2 


' EXAMPLE 5. Express as a difference of logarithms: loge. 


loge = log,6 — log;U By Property 3 ) 


) EXAMPLE 6 Express asa single logarithm: log, 17 — log, 27. 


17 
logy 17 — logp27 = logn5— By Property 3 ) 
7. Express as a difference of 
logarithms: 
| EXAMPLE 7 Express asa single logarithm: log 9 10,000 — log jo 100. P 
logy—. 
10,000 
logj9 10,000 — logj9 100 = logjo i060 logy 100 ) Q 
8. Express as a single logarithm: 
| Do Exercises 7 and 8. logs 125 — logs 25. 
A PROOF OF PROPERTY 3 (OPTIONAL): The proof makes use of Property 1 and 


Property 2. 


M 1 1 
—= -_—= —1 et REAL. 
logayy loggM logg MN N 


= log,M + loggN! By Property 1 Answers 
= log,M + (—1)log,N By Property 2 5. 5log74_ 6. 5loga5 7. logy P — logy Q 
= logaM — logaN 8. logs5 


8.4 Properties of Logarithmic Functions 715 


(d) Using the Properties Together 


| EXAMPLES Express in terms of logarithms of w, x, y, and z. 
D3 


ae a 243 4 
8. loga Ta = loga(x“y’) — logaz Using Property 3 
= log, x* + loggy® — loggz* Using Property 1 
= 2loggx + 3log,y — 4loggz Using Property 2 
a ay 1/4 
9. log, < = loga\ Writing exponential notation 
= 1log,— Using P 2 
= zlog, 3 sing Property 
= }(log,xy — log,z?) —_ Using Property 3 (note the 
parentheses) 

= i(loggx + loggy — 3log,z) Using Properties 1 and 2 
= + loga x + + loga Ve 4 logaz Distributive law 

Express in terms of logarithms of w, a 

x, y, and z. 10. logy 3-4 = logy xy — logyw3z* —_ Using Property 3 

3 
9. loge) = (log, x + logy) — (log,w? + logyz*) — Using Property 1 
= logpx + logy — log, w> — log,z* Removing 
a2 parentheses 
10. LOE ae ‘ 
Vaz = logpx + logypy — 3logpw — 4logpz Using Property 2 


x 
Leos 
BO Ef Do Exercises 9-11. | 


| EXAMPLES Express as a single logarithm. 


1 
7 O8ax — Tloggy + loggz 


= loggx!/? — loggy’ + loggz Using Property 2 


= logg— vx + loggz Using Property 3 
y’ 

= logg—— a Using Property 1 
y’ 


b 
12. log, —— + log, Vbx 
Express as a single logarithm. 8a Vx 8a 


= | al + log, V ing P 3 
io) slonew Stoney vise Ogqb i Vx O0£q Vbx Using Property 
4 = logab — sloggx + 5loga (bx) Using Property 2 


= log,b — jlog,x + 3(loggb + loggx) Using Property 1 


Va 
13. loga—~ — loga Vbx = loggb — }loggx + 5logab + 3loggx 


= 2log,b Collecting like terms 
log, b3/2 Using Property 2 


Answers — 12 could also be done as follows: 


9 loge plogax slogay b 
10, Sioeax— Sloss — Ieee logg—= wa + log, Vbx = logg—= oe Vbx Using Property 1 
1l. 3log,x + 4loggy — 5logaz — 9loggw 


x5z1/4 544 b 
12. log, bs , or logy a logg—= -Vb- Vx 
' Vx 
13. | , or log, b-3/2 
do lls = log, bVD, or log, b?/?. ) 
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| Do Exercises 12 and 13 on the preceding page. Caution! 


Keep in mind that, in general, 
log,(M + N) # loggM + log,N, 
log,(M — N) # log,gM — log,N, 
loga (MN) # (logaM) (logaN), 


| EXAMPLES Given log,2 = 0.301 and log,3 = 0.477, find each of the 
following. 


13. log, 6 = log, (2-3) = logg2 + logg3 —~ Property 1 
= 0.301 + 0.477 = 0.778 


and 
2 
14. logag = logg2 — log,3 Property 3 logg(M/N) # (loggM) + (log, N). 
0.301 — 0.477 = —0.176 
15. log,81 = log,34 = 4log,3 —_- Property 2 
= 4(0.477) = 1.908 
1 
16. logaz = logg1 — log,3 Property 3 
= 0 — 0.477 = —0.477 Given 
1 1 1 log,2 = 0.301, 
17. log, Va = logga'/? = 5l08aa=5°1=5 Property? log, 5 = 0.699, 
18. logg2a = logg2 + logga Property 1 Hodieech ohm Tole ing: 
14. log, 4 15. log, 10 
= 0.301 + 1 = 1.301 
19. log,5 There is no way to find this using these properties 16. foe 17. he 
(logg5 # logg2 + log,3). 5 2 
loga3 — 0.477 We simply divide the logarithms 1 
= ——_ & > = Va3 
an logg2 0.301 re not using any property. ) 18. logaz 19. log, Va 


Do Exercises 14-21. 20. log, 5a 21. log, 16 
(e) The Logarithm of the Base to a Power 


PROPERTY 4 


For any base a, 
logg ak = 


(The logarithm, base a, of a to a power is the power.) 


A PROOF OF PROPERTY 4 (OPTIONAL): The proof involves Property 2 and the 
fact that logga = 1: 


log,a* = k(logga) — Using Property 2 


=k-1 Using log,a = 1 Simplify. 
= k. 22. logs 26 23. logo 1032 
' EXAMPLES Simplify. 24 logee = 
21. log33’ = 7 
22. logjy 10°° = 5.6 
23. log,et = —t ) Answers 


14. 0.602 15.1 16. —0.398 17. 0.398 


| Do Exercises 22-24. 18. —0.699 19. ; 20. 1.699 21. 1.204 


22.6 23.3.2 24. 12 
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For Extra Help 


8.4 | BSCS MyMathLab 


mahiy, OB 


PRACTICE WATCH 


DOWNLOAD READ REVIEW 


(a) Express as a sum of logarithms. 


1. logs (32 - 8) 2. logs (27 - 81) 3. log, (64 - 16) 
4. logs (25 - 125) 5. logg Qx 6. log, 8Z 


Express as a single logarithm. 


7. logy3 + logy 84 8. log, 75 + logg5 

9. log. K + log-y 10. log;H + log;M 
(b) Express as a product. 
11. log, y* 12. loggx* 13. log, t® 
14. logigy’ 15. log, C3 16. log. M > 


(c) Express as a difference of logarithms. 


67 T 2 Zz 
17. loga5 18. log.— 19. logn= 20. loga;, 


Express as a single logarithm. 
21. log,22 — log;3 22. logg54 — logg9 


(d) Express in terms of logarithms of a single variable or a number. 


2 
x 
23. log, x2y3z 24. log, 5xy*4z3 25. logn > 26. logy 
z 


4 6 8,12 6p8 
3| x | x 4) m°n a°b 
27. log, y3z2 28. log, peq® 29. log, b> 30. log, a2b> 


Express as a single logarithm and, if possible, simplify. 


2 1 1 
31. 3 Bax - 3 Bay 32. 9 1oBax + 3loggy — 2log,x 33. log, 2x + 3(log,x — loggy) 
34. loggx* — 2log, Vx 35. logaZ= — logg Vax 36. log, (x? — 4) — logg(x — 2) 
x 
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Given logy 3 = 1.099 and logy 5 = 1.609, find each of the following. 


37. log, 15 38. log, 8 39. log > 40. 
1 1 

41. logy = 42. logn3 43. logy Vb 44, 

45. log, 5b 46. logy, 3b 47. logp2 48. 

(e) Simplify. 

49. log,e’ 50. log, w8 51. log, p° 52. 

Solve for x. 

53. logs 2’ = x 54. logg94 = x 55. logee* = —7 56. 

Skill Maintenance 

Compute and simplify. Express answers in the form a + bi, where i2 = —1. [6.8b, c, d, e] 

57. i279 58. i34 59. (2 + i)(2 - i) 60. 

61. (7 — 81) — (—16 + 10i) 62. 2i2 - 5i3 63. (8 + 31) (—-5 — 2i) 64. 

Synthesis 


65. lav Use the TABLE and GRAPH features to show that 


logx* # (logx) (log x). 


log x 


log 


Express as a single logarithm and, if possible, simplify. 


67. log, (x8 — y®) — logg (x2 + y”) 


4 


# logx — log4. 


3 
l kat 
O8b 5 


logy Vb3 


log, 75 


logyY* 


logga* = 2.7 


68. log, (x + y) + log, (x* — xy + y?) 


Express as a sum or a difference of logarithms. 


69. log, V1 — s? 


Determine whether each is true or false. 
log,P P 

71. = logg= 
logaQ PQ 


74. log, 3x = 3 logy x 


70. loga 


log,P 
" logaQ 
75. log,(P + Q) = log,P + log,Q 


72. = loggP — loggQ 


cu 
c2 — d2 


66. aul Use the TABLE and GRAPH features to show that 


73. logg3x = logg3 + loggx 


76. log, x? = 2log,x 


8.4 Properties of Logarithmic Functions 


719 


Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The graph of an exponential function never crosses the x-axis. [8.lal] 


2. A function f is one-to-one if different inputs have different outputs. [8.2b] 
3. log,0 = 1 = [8.3b] 


4. loga" = loggm — logan [8.4c] 


Guided Solutions 


Fill in each box with the number and/or symbol that creates a correct statement or solution. 


5. Solve: logs x = 3. [8.3c] 6. Given log, 2 = 0.648 and log, 9 = 2.046, find: 
logs,x = 3 (a) log, 18; (b) log. [8.4d] 
a) log, 18 = log, ((-] - 7) 
=x Converting to an exponential 
equation = logg2[]loga 
=x Simplifying = 0.648 


b) logas = logg1l{_] loga 


= [00.648 


=| 


Mixed Review 
Graph. [8.1a], [8.3a] 


7. f(x) = 3%) 


10. f(x) = logij4x 


(Keer ereeen es i284 67 8 80 
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11. Interest Compounded Annually. Lucas invests $500 at 
4% interest, compounded annually. [8.1c] 
a) Find a function A for the amount in the account after 
t years. 
b) Find the amount in the account at t = 0, t = 4, and 
t= 10. 


Determine whether each function is one-to-one. If it is, find 
a formula for its inverse. [8.2c] 


13. f(x) =3x+1 14, f(x) = x3 + 2 


Find f(x) and g(x) such that h(x) = (fe g) (x). Answers 
may vary. [8.2d] 
3 


17. Wx) = — 


18. h(x) = V6x —7 


Convert to a logarithmic equation. [8.3b] 


1 
22.355 = 


3 = 
2leat 343 81 


Solve. [8.3c] 


1 
25. log, 64 = x 26. logx 7 =-2 


Use a calculator to find the logarithm, to four decimal 
places. [8.3d] 


29. log 243.7 30. log 0.23 


Express as a single logarithm and, if possible, simplify. [8.4d] 


1 
33. loggx — 2loggy + 9 08az 


Simplify. [8.3c], [8.4e] 


35. logs 1 36. log33 


12. Interest Compounded Quarterly. The Currys invest 
$1500 in an account paying 3.5% interest, compounded 
quarterly. Find the amount in the account after 13 years. 
[8.1c] 


Find (f° g) (x) and (ge f) (x). [8.2d] 


153 fn = 24 — 5; 
g(x) =3-x 


For each function, use composition to show that the inverse 
is correct. [8.2e] 


19. f(x) = 7m 20. f(x) = Wx + 4, 
f71(x) = 3x £2) =x3-4 


Convert to an exponential equation. [8.3b] 


23. logg 12 = t 24. log, T= m 


Find each of the following. [8.3c] 
27. log7 49 28. logs 32 


Express in terms of logarithms of x, y,andz. [8.4d] 


24,5 
32. loga:|~ M 
Z 


2xy? 
31. logn 
iz 


34. log, (b? — 16) — log, (b + 4) 


37. logga3 38. log.c° 


Understanding Through Discussion and Writing 


39. The function V(t) = 750(1.2)/is used to predict the value 
Vofa certain rare stamp ft years from 1999. Do not calcu- 
late V~!(t) but explain how V~! could be used. [8.2c] 


41. Find a way to express log, (x/5) as a difference of loga- 
rithms without using the quotient rule. Explain your 
work. [8.4a, b] 


40. Explain in your own words what is meant by log, b = c. 
[8.3b] 


42. A student incorrectly reasons that 


lo iG <2 
8b Bh 


= logpx — logyx + log, x 

= logpx. 
What mistake has the student made? Explain what the 
answer should be. [8.4a, c] 


Mid-Chapter Review: Chapter 8 721 


SKILL TO REVIEW 
Objective 8.3d: Find common 
logarithms on a calculator. 


Find the common logarithm, to four 
places, on a calculator. 


1 (compounded annually) 
2 (compounded semiannually) 


4 (compounded quarterly) 


365 (compounded daily) 
8760 (compounded hourly) 


Any positive number other than 1 can serve as the base of a logarithmic func- 
tion. Common, or base-10, logarithms, which were introduced in Section 8.3, 
are useful because they have the same base as our “commonly” used decimal 
system of naming numbers. 

Today, another base is widely used. It is an irrational number named e. 
We now consider e and natural logarithms, or logarithms base e. 


(a) The Base e and Natural Logarithms 


When interest is computed n times per year, the compound-interest for- 
mula is 


r \net 
woe 
n 


where A is the amount that an initial investment P will grow to after ¢ years at 
interest rate r. Suppose that $1 could be invested at 100% interest for 1 year. 
(In reality, no financial institution would pay such an interest rate.) The 
preceding formula becomes a function A defined in terms of the number of 
compounding periods n: 


1 n 
A(n) = (1 + +) . (See Section 8.1.) 


Let’s find some function values, using a calculator 
and rounding to six decimal places. The numbers in 
the table at left approach a very important number 
called e. It is an irrational number, so its decimal rep- 
resentation neither terminates nor repeats. 


$2.00 
$2.25 
$2.370370 
$2.441406 
$2.488320 
$2.704814 
$2.714567 
$2.718127 


THE NUMBER e 


e © 2.7182818284... 


Logarithms, base e, are called natural logarithms, 
or Naperian logarithms, in honor of John Napier 
(1550-1617), a Scotsman who invented logarithms. 
The abbreviation In is commonly used with natural logarithms. Thus, 


In29 means loge29. Be sure to memorize Ina = logea. 


We usually read “In 29” as “the natural log of 29,” or simply “el en of 29.” 
On a calculator, the key for natural logarithms is generally marked Gp. 
Using that key, we find that 


In 29 © 3.36729583 ~ 3.3673, 


rounded to four decimal places. This also tells us that e33673 ~ 29. 
On some scientific calculators, the keystrokes for doing such a calcula- 
tion might be 


VO@e 


ll 


Exponential and Logarithmic Functions 


If we were to use a graphing calculator, the keystrokes might be 


QO OSB. 


' EXAMPLES Find the natural logarithm, to four decimal places, on a 


calculator. 
Function Value 
1. In 287,523 
2. In 0.000486 
3. In(-5) 


4. In(e) 
5. Inl 


Readout 
12.56905814 
—7.629301934 
NONREAL ANS 


Rounded 
12.5691 
—7.6293 


Does not exist as 
a real number 


; 
0 ) 


Do Exercises 1-5. 


The inverse of a logarithmic function is an exponential function. Thus, if 
f(x) = Inx, then f~!(x) = e*. Because of this, on many calculators, the @p 
key doubles as the key after a Gp or key has been pressed. 


EXAMPLE 6 Find e!-5°9! using a calculator. 


On a scientific calculator, we might enter 12.5691 and press (=). Ona 
graphing calculator, we might press @ ©), followed by 12.5691 Gggp. In 
either case, we get the approximation 


e!2.5691 ~ 987,535.0371. 


Compare this computation to Example 1. Note that, apart from the 
rounding error, e!*-°69! takes us back to about 287,523. 


EXAMPLE 7 Find e !*4 using a calculator. 


On a scientific calculator, we might enter —1.524 and press (*). On a 
graphing calculator, we might press GQ x), followed by —1.524 Gig. In 
either case, we get the approximation 


e 1524 ~ 0.2178. 


(b) Changing Logarithm Bases 


j 
Do Exercises 6 and 7. 


Most calculators give the values of both common logarithms and natural log- 
arithms. To find a logarithm with some other base, we can use the following 


conversion formula. 


THE CHANGE-OF-BASE FORMULA 


For any logarithm bases a and b and any positive number M, 


Find the natural logarithm, to four 
decimal places, on a calculator. 


1. In 78,235.4 
2. In 0.0000309 
Gb lia ((=8})) 

4. In0 


5. In 10 


6. Find e!!.2675 using a calculator. 
(Compare this computation to 
that of Margin Exercise 1.) 


7. Find e? using a calculator. 


Answers 


1. 11.2675 2. —10.3848 3. Does not 
exist asarealnumber 4. Does not exist 
5. 2.3026 6. 78,237.1596 7. 0.1353 
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A PROOF OF THE CHANGE-OF-BASE FORMULA (OPTIONAL): We let x = logy M. Then, 
Calculator Corner writing an equivalent exponential equation, we have b* = M. Next, we take 
the logarithm base a on both sides. This gives us 
The Change-of-Base 


log, b* = log, M. 
Formula To finda logarithm 08a 08a 


with a base other than 10 or e, we By Property 2, the Power Rule, 
use the change-of-base formula, xlog,b = log, M, 
log M 
logy M = fe 5 where a and b are any and solving for x, we obtain 
ad 
logarithm bases and M is any positive _ loggM 
number. For example, we can find logs 8 log, b- 


using common logarithms. 


But x = logy M, so we have 
Weleta = 10,b = 5,andM = 8 


and substitute in the change-of-base log, M = logaM 
formula. We press GD) QP) log, b 
DS SD GB.. Note that the which is the change-of-base formula. 
parentheses must be closed in the 
numerator to enter the expression | EXAMPLE 8 Find log,7 using common logarithms. 
correctly. We also close the parentheses We let a = 10, b = 4, and M = 7. Then we substitute into the change-of- 
in the denominator for completeness. base formula: 
The result is about 1.2920. We could have 

: log, M 
let a = e and used natural logarithms logy M = 

log,b 


to find logs 8 as well. 
logio? — Substituting 10 for a, 


log(8)/log(5) loga? logj94 4 for b, and 7 for M 
1.292029674 
_ log? 


N y log 4 
= 1.4037. 


To check, we use a calculator with a power key |y~| or @ to verify that 


41.4037 ~ 7. ] 


We can also use base e for a conversion. 


| EXAMPLE 9 Find log,7 using natural logarithms. 


log, M 
log, M = 
ee log,b 
oe loge? Substituting e for a, 
opat = loge4 4 for b, and 7 for M 
_in7 
In4 
= 1.4037 Note that this is the same answer as 
8. a) Find logg 7 using common that for Example 8. ) 
logarithms. 
b) Find logg 7 using natural | EXAMPLE 10 Find log; 29 using natural logarithms. 
logarithms. Substituting e for a, 5 for b, and 29 for M, we have 
9. Find log» 46 usi tural log, 29 
ene eae eas logs 29 = = 5 Using the change-of-base formula 
= 2.0922 
~ iis ; ) 
Answers 


8. (a) 1.0860; (b) 1.0860 9. 5.5236 Do Exercises 8 and 9. 
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(c) Graphs of Exponential and Logarithmic 
Functions, Base e 


) EXAMPLE 11 Graph f(x) = e* and g(x) = e™. 


We use a calculator with an key to find approximate values of e* and 


e *. Using these values, we can graph the functions. 


YA YA 
8 8 
v6 4 
6 6 
5 5 
TIpaee — \3 
2 2 
g@) =e * 
aia 1 2 4 2-1 1 2 Zo 
747 as x a = x 
—2 -2 
‘ ‘ , ) Graph. 
Note that each graph is the image of the other reflected across they -axis. f(x) Ae 
10. f(x) =e 


) EXAMPLE 12. Graph: f(x) = e7®5*, 


We find some solutions with a calculator, plot them, and then draw the 


graph. For example, f(2) = e95(2) = e! = 0.4. 


‘ 
9 
0 1 8 
1 0.6 7 
2 0.4 6 
3 0.2 > 
= 1.6 : 
= re 2 fo = e@ 05x 
es 
ae 123 4 % 


| Do Exercises 10 and 11. 


) EXAMPLE 13. Graph: g(x) = Inx. 


yA 


We find some solutions with a calculator and then draw the graph. As ex- 


pected, the graph is a reflection across the line y = x of the graph of y = e*. 


= 
> 


1 ae 
/ ” = 
17 g(x) =Inx 
ré “ 


7 


Answers 
10 y ll Vy 
8 8 
6 6 
4 4 
a 2 
—4 1-2 | 2 4 5a —4 i-2 2 
= port 
) foe gu) he 
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| EXAMPLE 14 Graph: f(x) = In(x + 3). 


We find some solutions with a calculator, plot them, and then draw 


oe the graph. 


12. f(x) = 2Inx 


En 
aL 0 Ll ie hashes 
GUccenosenass 1 14 
een een Oe Oe ey 
abt : 2 ib 
al 3 1.8 =3 12345678 26% 
4 1.9 
-l 0.7 
13. g(x) = In(x — 2) —2 0 
—2.5 —0.7 
a 
fas X J 


(ogee The graph of y = In(x + 3) is the graph of y = Inx translated 3 units to 
a the left. i 


Do Exercises 12 and 13. | 


= Calculator Corner 


Graphing Logarithmic Functions We can graph logarithmic functions with base 10 or base e by entering the func- 
tion on the equation-editor screen using the gy or GP key. To graph a logarithmic function with a base other than 10 or e, we must first 
use the change-of-base formula to change the base to 10 or e. 

In Example 1 of Section 8.3, we graphed the function y = logs x by finding a table of x- and y-values and plotting points. We will now 
graph this function on a graphing calculator by first changing the base to e. We let a = e,b = 5,andM = x and substitute in the 


| 
change-of-base formula. We enter y; = - on the equation-editor screen, select a window, and press Gears). The Tl-84+ forces the use of 


parentheses with the In function, so the parenthesis in the numerator must be closed: In (x) /In (5). The right parenthesis following the 
5 is optional but we include it for completeness. 
We could have let a = 10 and used base-10 logarithms to graph this function as well. 


y = In(@w)/In(5) 


Plot1 Plot2 Plot3 
\Y1 BH In(X)/In(5) 


Exercises Graph each of the following on a graphing calculator. 


1. y = logo x 2. y = log3x 
3. y = logi/2x 4. y = loga/3x 
Answers 
12. Yh. . : 13. y 


f@) =2Inx g(x) =In (& — 2) 
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Visualizing 
for Success 


Match each graph with its function. 


A. f(x) = ax? + bx +, 
a<0,c<0 


. f(x) =a,0<a<1 


. f(x) =a,a<0 


. f(x) = loggx,0<a<1 


. f(x) = loggx,a<0 


. f(x) =mx+bm>0,b<0 


. f(x) = mx+b,m<0,b>0 


. f(x) = mx+bm<0,b<0 


« JO = a? + be + Ga> Oc < 0 


. f(x) = ax? + bx +co,a<0,c>0 


. f(x) = loggx,a>1 


. f(x) = ax* + bx +c,a>0,c>0 


M. f(x) = mx +b,m<0,b=0 


N. f(x) = mx + b,m=0,b>0 


O. f(x) =a*,a>1 


Answers on page A-32 


some Exercise Set 


(a) Find each of the following logarithms or powers, base e, using a calculator. Round answers to four decimal places. 


For Extra Help 
| A G = 
[| Mathéxyp> ; = 

MyMathLab eee WATCH aoe READ REVIEW. 


1. In2 2. In5 3. In 62 4. 1n30 5. In 4365 6. In 901.2 
7. In 0.0062 8. In 0.00073 9. In 0.2 10. In 0.04 11. InO 12. In(—4) 
13. In (4) 14, In (282) 15. Ine 16. Ine? 17. e271 18. 3.96 
558 77.2 
19. e~3-49 20. e~ 2-64 21. e+” 22. e123 23. Ine° 24, eln? 


(b) Find each of the following logarithms using the change-of-base formula. 


25. logs 100 26. log3 100 27. logs 100 28. log7 100 29. log7 65 30. logs 42 
31. logg55 32. logo 3 33. logs 0.2 34. logs 0.08 35. log, 200 36. log,, 7 
Cc Graph 
37. f(x) = e* 39. f(x) = e05* 40. f(x) =e* 
fx) fx) fx) 
0 
1 
2 
3 
= 
—2 
—3 
a ee es ee 
y J. y y 
9 9 9 9 
8 8 8 8 
7 7 7 7 S 
6 6 6 6 i 
5 5 5 5 3 
4 4 4 4 Z 
3 3 3 3 = 
2 2 2 2 g 
1 1 1 1 & 
—4-3-2-1,[ 1234 5% -4-3-2-1,| 123 4 7% -4-§-2-1,| 123 4 1% -4-3-2-1,| 1234 '% 5 
& 
EB 
S 
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ee ———— ee | _———— rs Po 
YA y y VA 
9 9 9 9 
8 8 8 8 
7 7 7 7 
6 6 6 6 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
-4-3-2-1 [1234  % =4-9-2-1,/ 1234 ° % —4-3-2-1 | 1234 % —4-3-2-1 [1234 % 
45. f(x) = e*- 1 46. f(x) = 2e95* 47. f(x) = In(x + 2) 48. f(x) = In(x + 1) 
fix) fix) fix) 
0 0 
al 1 
2 2 
3 5) 
—0.5 4 
=| —0.5 
=15 —0.75 
— es —— er a er X y 
VA VA YA VA 
9 9 4 4 
8 8 3 3 
7 7 2 : 
6 6 1 1 
2 ‘A 1 {123456789 1[123456789 
4 4 mel cae ~ 
3 3 2 2 
2 2 -3 -3 
1 l 4 4 
> eS 
=4-$-2-1 | i 23 4 1% 45-21, 13 3 4 1% 
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49. f(x) = In(x — 3) 50. f(x) = 2In(x — 2) 51. f(x) = 2Inx 


VA VA y 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > 
a, (2232367 8 9 5% [123.4567 8 9 7% =i [23.45.67 8 9 7% 
me) —2 —2 
—3 —3 —3 
—4 —4 —4 
= _ el = 2 
52. f(x) =Inx - 3 53. f(x) =5lnx +1 54. f(x) = Inx 
Y YA YA 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
=] 123456789 a > > 
Ls “i [123456789 x a 22222 878 8 % 
ma -2 -2 
“3 -3 -3 
“4 -4 -4 
55. f(x) = |Inx| 56. f(x) = In |x! 
ys VA 
4 5 
3 4 
2 3 
1 2 
> 1 
[123.4567 89 5% 
- -5-4-3-2-1 |] 12345  % 
—3 —2 
-4 -3 
-4 
-5 


Skill Maintenance 


Solve. [7.4c] 
57. x'/2 — 6x/4+8=0 58. 2y - 7Vy + 3 =0 59. x — 18Vx+77=0 60. x4 — 25x2 + 144 =0 


Synthesis 


lawA Use the graph of the function to find the domain and the range. 


61. f(x) = 10x*e* 62. f(x) = 7.4e*lnx 63. f(x) = 100(1 — e~3%) 
Find the domain. 
64. f(x) = log3 x2 65. f(x) = log (2x — 5) 
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(a) Solving Exponential Equations 


Equations with variables in exponents, such as 5* = 12 and 2’ = 64, are 
called exponential equations. Sometimes, as is the case with 2’* = 64, we 
can write each side as a power of the same number: 

2 = 28. 
Since the base is the same, 2, the exponents are the same. We can set them 
equal and solve: 

7x =6 

x= 8. 


We use the following property, which is true because exponential functions 
are one-to-one. 


THE PRINCIPLE OF EXPONENTIAL EQUALITY 


For anya > 0,a # 1, 


aX = ay x=y. 


(When powers are equal, the exponents are equal.) 


EXAMPLE 1 Solve: 22*-5 = 16. 


Note that 16 = 24. Thus we can write each side as a power of the same 
number: 


g3x-5 = ge. 


Since the base is the same, 2, the exponents must be the same. Thus, 


3x -5=4 
3x =9 
x= 3. 


Check: 23x-5 — 16 


233-5 2 16 
29-5 


94 
16 TRUE 


The solution is 3. ) 


(Do Margin Exercises 1 and 2. 


SKILL TO REVIEW 
Objective 4.8a: Solve quadratic 
and other polynomial equations by 
first factoring and then using the 
principle of zero products. 


Solve. 
l.y?-y-6=0 
2.x2-— 3x=4 


Solve. 
L379 2. 42x°3 = 64 


Answers 

Skill to Review: 

1, —2;3 2-14 
Margin Exercises: 
WT 2.3 
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CHAPTER 8 


(x Algebraic-Graphical Connection ) 


The solution, 3, of the equation 2°*~5 = 16 in Example 1 is the 
x-coordinate of the point of intersection of the graphs of y = 23*~5 
and y = 16, as we see in the graph on the left below. 


—16> g(x) = 23x-5 ~16 


If we subtract 16 on both sides of 23*~5 = 16, we get 
23-5 — 16 = 0. The solution, 3, is then the x-coordinate of the 
x-intercept of the function g(x) = 23*~5 — 16, as we see in the graph 
on the right above. 


x 


When it does not seem possible to write both sides of an equation as 
powers of the same base, we can use the following principle along with the 
properties developed in Section 8.4. 


THE PRINCIPLE OF LOGARITHMIC EQUALITY 


For any logarithm base a, and for x, y > 0, 


loggx = loggy x=y. 


(If the logarithms, base a, of two expressions are the same, then the 
expressions are the same.) 


Because calculators can generally find only common or natural loga- 
rithms (without resorting to the change-of-base formula), we usually take the 
common or natural logarithm on both sides of the equation. 

The principle of logarithmic equality is useful anytime a variable appears 
as an exponent. 


EXAMPLE 2 Solve: 5* = 12. 4 
5* = 12 ona 
(1.5440, 12) 
log 5* = log 12 Taking the common logarithm — 
on both sides y= 
xlog5 =log12 Property 2 +t a 
log 12 ; 1.5440 
= 28°" ~__ .... Caution! 


log5 
This is not log =! 


This is an exact answer. We cannot simplify further, but we can approximate 

using a calculator: 
_ log12 
~ logs 


~ 1.5440. 


Exponential and Logarithmic Functions 


We can also partially check this answer by finding 5!*“° using a calculator: 
gi at) ~~ 1200078587. 


We get an answer close to 12, due to the rounding. This checks. 


Do Exercise 3. 


If the base is e, we can make our work easier by taking the logarithm, base 
e, on both sides. 


EXAMPLE 3 Solve: e%%° = 1500. 
We take the natural logarithm on both sides: 


e906 — 1500 
In e9-6¢ = Jn 1500 —‘ Taking In on both sides 
log, e- 9% = In 1500 Definition of natural logarithms 
0.06t = In 1500 Here we use Property 4: log, a* = k. 


_ In 1500 
0.06 


We can approximate using a calculator: 


y 
_ In 1500 - 7.3132 ~ 121.89. ae 
0.06 0.06 
We can also partially check this answer 1000 4 ie 
using a calculator. 500 J ue 
Hef pp 
Check: 20-06 = 1500 ze) ea eat “t 
121.89 
e9-06(121.89) 2 1599 
73134 
1500.269444 TRUE 
The solution is about 121.89. ) 


| Do Exercise 4. 
(b) Solving Logarithmic Equations 


Equations containing logarithmic expressions are called logarithmic equa- 
tions. We solved some logarithmic equations in Section 8.3 by converting to 
equivalent exponential equations. 


EXAMPLE 4 Solve: logo x = 3. 


We obtain an equivalent exponential equation: an 
f= 2° 
x= 8. 


The solution is 8. 


Do Exercise 5. 


3. Solve: 7” = 20. 


= Calculator Corner 


Solving Exponential 
Equations Use the INTERSECT 
feature to solve the equations in 
Examples 1-3. (See the Calculator Corner 
on p. 246 for the procedure.) 


4. Solve: e9-3! = 80. 


5. Solve: logs x = 2. 


Answers 
3. 1.5395 4. 14.6068 5. 25 
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To solve a logarithmic equation, first try to obtain a single logarithmic 
expression on one side and then write an equivalent exponential 
equation. 


| EXAMPLE 5. Solve: log, (8x — 6) = 3. 


We already have a single logarithmic expression, so we write an equiva- 
lent exponential equation: 


8x — 6 = 43 Writing an equivalent exponential equation 
8x — 6 = 64 
8x = 70 


— 70 ..35 
x= 3, Ory. 


Check: log, (8x — 6) = 3 
logs (8+ — 6) 2.3 
log, (70 — 6) 
log, 64 
3 TRUE 
The solution is 2. ) 


6. Solve: log3 (5x + 7) = 2. Do Exercise 6. J 


| EXAMPLE 6 Solve: logx + log (x — 3) = 1. 


Here we have common logarithms. It helps to first write in the 10’s before 
we obtain a single logarithmic expression on the left. 


logigx + logig(x — 3) = 1 


logio [x(x — 3)] = 1 Using Property 1 to obtain a single logarithm 
x(x — 3) = 10! Writing an equivalent exponential expression 
x? — 3x = 10 
x? — 3x — 10=0 
(x + 2)(x- 5) =0 Factoring 


x+2=0 oor x-5=0 Using the principle of zero products 
x=-2 or x=5 


Check: For —2: 
logx + log(x — 3) =1 The number —2 does not check 
T because negative numbers do not 
log (—2) + log(—2 — 3) 2.1 have logarithms. 


For 5: YH 
logx + log(x — 3) =1 
log5 + log(5 — 3) 2? 1 
log5 + log2 
log (5 - 2) 
7. Solve: log x + log (x + 3) = 1. log 10 a 7 
) l Thue y = log x + log (x — 3) 
The solution is 5. ) 


Answers 


672 67.2 Do Exercise 7. J 


“5 
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| EXAMPLE 7 Solve: logs (x + 7) — logo(x — 7) =3. 
logs (x + 7) — loge(x — 7) = 3 


_ xt+7_ 3 Using Property 3 to obtain a single 
82 eS 7 logarithm 
K+7_ 93 Writing an equivalent exponential 
x—7 expression 
x+7 
=8 
x-—7 


x +7 = 8(x — 7) Multiplying by the LCM, x — 7 
x+ 7 = 8x — 56 Using a distributive law 


63 = 7x 
Bax 
it 

= % 


Check: logo(x + 7) — loge(x — 7) =3 
logs (9 + 7) — logo (9 — 7) 2? 3 
logs 16 — logs 2 


logs 2 
logs 8 
3 TRUE 
The solution is 9. ) 
8. Solve: 
Do Exercise 8. Kayes (Ce = Il) = Mey (Ge = 2) = 2, 


STUDY TIPS 


BEGINNING TO STUDY FOR THE FINAL EXAM: 3. Work the Cumulative Review during the last couple of 
THREE DAYS TO TWO WEEKS OF STUDY TIME days before the final. Skip any questions corre- 
1. Begin by browsing through each chapter, reviewing the sponding a sila Hes covered Sean Heady 
highlighted or boxed information regarding important thee coties He the tab tal con eepond toca 
ghiig ] g imp : ; 
formulas in both the text and the Summary and Review. a 
There may be some formulas that you will need to 4. For remaining difficulties, see your instructor, go to a 
memorize. Summarize them on an index card and tutoring session, or participate in a study group. 
quiz yourself frequently. 
2. Retake each chapter test that you took in class, assuming 
your instructor has returned it. You can also use the 
chapter tests in the book. Restudy the objectives in 
the text that correspond to each question you missed. 
Answer 
8.5 
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For Extra Help — 
P 
[| Mathes coor 
MyMathLab — . gs READ a 


1, 2% = 2, 3* = 81 3. 4* = 256 4, 5* = 125 

5, 2° = 39 6. 43° = 64 7. 39% = 27 8. 5’ = 625 

9, 2% = 11 10. 2* = 20 11, 2% = 43 12, 2% = 55 
13. 54°-7 = 125 14, 43°45 = 16 15. 3%". 34% = 5 16. 35% - 9? = 27 
17,4°=8 18. 6* = 10 19. e* = 100 20. e’ = 1000 
21.2% = 0.1 22. e°* = 0.01 23. e~ 9.021 = 0.06 24, pF =o 
25, ego! 26. 9°"! = ae) 27. (3.6)* = 62 28. (5.2)* = 70 


(b) Solve. 


1 
29. logax = 4 30. log7x = 3 31. logox = —5 32. logg x = . 
33. logx = 1 34. logx = 3 35. logx = —2 36. logx = —3 
z 
37. Inx = 2 38. Inx = 1 39. nx = -1 40. Inx = —3 g 
wo 
§ 
E 
41. log3 (2x + 1) =5 42. logs (8 — 2x) =6 43. logx + log(x - 9) =1 : 
8 
= 
5 
Qa 
8 
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44, logx + log(x +9) =1 


47. logs (x + 1) + logo (x — 1) =3 


50. log, (x + 3) — loga(x — 5) = 2 


53. log3 (2x — 6) — log3(x + 4) = 2 


Skill Maintenance 


Solve. [7.4c] 
55. x4 + 400 = 104x2 


57. (x* + 5x)* + 2(x* + 5x) = 24 


48. logo x + logo (x — 2) =3 


51. logy (x + 3) + loga(x — 3) =2 


54. log, (2 + x) — log, (3 — 5x) = 3 


56. x2/3 + 2x3 = 8 


58.10 =x 2+ 9x! 


46. log (x + 9) — logx = 1 


49. log, (x + 6) — logax = 2 


52. logs (x + 4) + logs (x — 4) = 2 


[6.8d] 


59. Simplify: (125x3y~2z6)-2/3, [6.2c] 60. Simplify: i79. 
Synthesis 

Au. , : 
61. a Find the value of x for which the natural logarithm 62. 


is the same as the common logarithm. 


64. 


ATI Use a graphing calculator to check your answers 
to Exercises 4, 20, 36, and 54. 


"ASA Use the INTERSECT feature of a graphing calculator 
to find the points of intersection of the graphs of each 
pair of functions. 


63. ISA Usea graphing calculator to solve each of the 
following equations. 
a) e* = 14 b) 8e9* = 3 
of 7" d) 4In(x + 3.4) = 2.5 
Solve. 


65. 22% + 128 = 24 - 2% 
68. log, (log3 27) = 3 
71. logs Vx? —9 =1 
74. logs |x| = 4 


77. logga* +4* = 21 


a) f(x) = e95*-7, g(x) = 2x + 6 
x 


b) f(x) = In 3x, g(x) = 3x — 8 


c) f(x) = Inx4, g(x) = -x 


66. 27% = 81°*-3 
69. logs (log2 x) = 0 
72, 2x°+4x = 1 

75. log x* = (log x)? 


78. Vx: Wx. Wx- Wx = 146 


80. If x = (logj25 5)!085 125, what is the value of log3 x? 


8.6 Solving Exponential and Logarithmic Equations 


2 


67. 8 = 16379 

70. xlog; = log8 

73. log (log x) = 5 

76. logs |5x — 7| = 2 

79. 32% — 8- 3% + 15=0 


737 


Exponential and logarithmic functions can now be added to our library of 
functions that can serve as models for many kinds of applications. Let’s 
review some of their graphs. 


VA Ae VA 
a NG x 


SKILL TO REVIEW 


x x 

Objective 8.6b: Solve logarithmic 

equations. Exponential: Exponential: Logarithmic: 

Solve f (2) = ab*, or ae f(0) = ab, or ae f@ =atblog.x,c>1 


a,b,k>0 a,b, k>0 
1. logx = 2 


(a) Applications of Logarithmic Functions 


! EXAMPLE 1 Sound Levels. To measure the “loudness” of any particular 
sound, the decibel scale is used. The loudness L, in decibels (dB), of a sound 
is given by 


I 
L=10- logy» 
0 


where J is the intensity of the sound, in watts per square meter (W/m7), and 
In = 107! W/m2. (Jp is approximately the intensity of the softest sound that 
can be heard.) 


a) An iPod can produce sounds of more than 10~°-5 W/m2, a volume that can 
damage the hearing of a person exposed to the sound for more than 28 sec. 
How loud, in decibels, is this sound level? 

b) Audiologists and physicians recommend that earplugs be worn when one 
is exposed to sounds in excess of 90 dB. What is the intensity of such 
sounds? 

Source: American Speech-Language-Hearing Association 


a) To find the loudness, in decibels, we use the above formula: 


I 
L= 10: log— 
Ip 
7 i ig i. 
= 10- log 19-2 Substituting 
= 10: log 19115 Subtracting exponents 
= 10-11.5 log 10° =a 
= 115. 
The sound level is 115 decibels. 
Answers 
Skill to Review: 


1.100 2. e? = 0.1353 
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b) We substitute and solve for J: 


I 
L= 10: log— 
og a 
90 = 10: log ro Substituting 
I bashes - : : 
9 = log— ss Dividing by 10 1. Acoustics. The intensity of 
10 sound in normal conversation is 
9 =logI—log10-!% _ Using Property 3 about 3.2 x 107° W/m2. How 
high is this sound level in 
= logI — (-12 log 10% = 
: ee ( ) °6 “ decibels? 
—3 = logI Adding —12 
10? = 5 Converting to an exponential equation 2. Audiology. Overexposure to 
excessive sound levels can 
Earplugs are recommended for sounds with intensities that exceed diminish one’s hearing to the 
10-3 W/m. point where the softest sound 


that is audible is 28 dB. What is 


| Do Exercises 1 and 2. the intensity of such a sound? 


! EXAMPLE 2. Chemistry: pH of Liquids. In chemistry, the pH ofa liquid 


is defined as 


pH = —log[H"], 


where [H*] is the hydrogen ion concentration in moles per liter. 


a) The hydrogen ion concentration 
3.98 X 10-8 moles per liter. Find 


b) The pH of seawater is about 8.3. Find the hydrogen ion concentration. 


of human blood is normally about 
the pH. 


a) To find the pH of human blood, we use the above formula: 


pH 


2 


= 7A, 


—log [H*] = —log [3.98 x 1078] 
—(-—7.400117) — Using a calculator 


The pH of human blood is normally about 7.4. 


b) We substitute and solve for [H*]: 
8.3 = —log[H*] 


Using pH = —log[H*] 


—8.3 = log [H*] Dividing by —1 
10°°? = HF] Converting to an exponential equation 
5.01 x 10°? = [H"*1. Using a calculator; writing scientific 
notation 
The hydrogen ion concentration of seawater is about 5.01 x 10-9 moles Answers 


per liter. 


1. About 65 decibels = 2. 10-9 W/m? 
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Do Exercises 3 and 4. | 


3. Coffee. The hydrogen ion 
concentration of freshly brewed 


coffee is about 1.3 x 10™ moles (b) Applications of Exponential Functions 
per liter. Find the pH. 


! EXAMPLE 3 Interest Compounded Annually. Suppose that $30,000 is 
invested at 4% interest, compounded annually. In t years, it will grow to the 
amount A given by the function 


4. Acidosis. When the pH ofa 
patient's blood drops below 
7.4, a condition called acidosis 


sets in. Acidosis can be fatal A(t) = 30,000(1.04)¢. 

at a pH level of 7.0. What would ; 

the hydrogen ion concentration (See Example 6 in Section 8.1.) 

Onis Pallents blood be at a) How long will it take to accumulate $150,000 in the account? 
that point? 


b) Let T = the amount of time it takes for the $30,000 to double itself; T is 
called the doubling time. Find the doubling time. 
a) We set A(t) = 150,000 and solve for t: 


150,000 = 30,000(1.04)é 
150,000 _ 


30,000 ~ (1.04)° Dividing by 30,000 
5 = (1.04)! 
log 5 = log (1.04)! Taking the common logarithm 
on both sides 
log5 = tlog 1.04 Using Property 2 
fog 5 = Dividing by log 1.04 

log 1.04 

41.04 © ¢. Using a calculator 


It will take about 41 years for the $30,000 to grow to $150,000. 
b) To find the doubling time T, we replace A(t) with 60,000 and t with T and 


solve for T: 
60,000 = 30,000(1.04)" 
2-= (104)" Dividing by 30,000 
5. Interest Compounded log 2 = log (1.04)" Taking the common logarithm 
Annually. Suppose that on both sides 
$40,000 is invested at 4.3% log2 = Tlog 1.04 Using Property 2 
interest, compounded log 2 
annually. = ~ 17.7. Using a calculator 
log 1.04 


a) After what amount of time 


will there be $250,000 in The doubling time is about 17.7 years. ) 
the account? 


b) Find the doubling time. Do Exercise 5. 


The function in Example 3 illustrates exponential growth. Populations 
often grow exponentially according to the following model. 


Answers 


3. About 4.9 4. 10~” moles per liter 
5. (a) 43.5 years; (b) 16.5 years 
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EXPONENTIAL GROWTH MODEL 


An exponential growth model is a P(t) 
function of the form 


P(t) = Poe’, k>0, 


P(t) = Pye* 


where J is the population at time 0, 
P(t) is the population at time ¢, and k 
is the exponential growth rate for the BS ‘ 
situation. The doubling time is the Doubling 
amount of time necessary for the ene 
population to double in size. 


The exponential growth rate is the rate of growth of a population at any 
instant in time. Since the population is continually growing, the percent of 
total growth after one year will exceed the exponential growth rate. 


EXAMPLE 4 Population Growth in India. In 2009, India’s 
population was 1.166 billion, and the exponential growth rate was 
1.55% per year. 


Source: Central Intelligence Agency 


a) Find the exponential growth function. 
b) What will the population be in 2015? 


a) We are trying to find a model. P(t) 
The given information allows POD 
us to create one. At t = 0 i 
(2009), the population was 
1.166 billion. We substitute 
1.166 for Pp and 1.55%, or 
0.0155, for k to obtain the 
exponential growth function: 


P(t) = Poe* 


P(t) = 1.166 e9-0155¢, 20 40 «+6 80 of 
Years since 2009 


b) In 2015, we have t = 6. That is, 6 yr have passed since 2009. To find the 
population in 2015, we substitute 6 for f: 


400 + 


300 + 


200 + 
| P(t) = 1.166615" 


Population of India 
(in billions) 


100 + 


P(6) = 1.166e9-9155(6) Substituting 6 for t 
= 1.280 billion. Using a calculator 
The population of India will be about 1.280 billion in 2015. ) 6. Population Growth in India. 


What will the population of 


Do Exercise 6. India be in 2020? in 2025? 


EXAMPLE 5 _ Interest Compounded Continuously. Suppose that an amount 
of money Po is invested in a savings account at interest rate k, compounded 
continuously. That is, suppose that interest is computed every “instant” and 
added to the amount in the account. The balance P(t), after t years, is given by 
the exponential growth model 


P(t) = Poe™. 


a) Suppose that $30,000 is invested and grows to $34,855.03 in 5 years. Find 


the interest rate and then the exponential growth function. AaSWwEr 


6. 1.383 billion; 1.494 billion 
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b) What is the balance after 10 years? 
c) What is the doubling time? 


a) We have Pp = 30,000. Thus the exponential growth function is 
P(t) = 30,000e**, 


where k must still be determined. We know that P(5) = 34,855.03. We sub- 
stitute and solve for k: 


34,855.03 = 30,000e(5) = 30,000e5* 
34,855.03 gy, 


amoue Dividing by 30,000 
1.161834 ~ ed! 
In 1.161834 = Ine* Taking the natural logarithm on both sides 
0.15 = 5k Finding In 1.161834 on a calculator 
and simplifying In e>* 
0.15 
5 = 0.03 = k. 


The interest rate is about 0.03, or 3%, compounded continuously. Note 
that since interest is being compounded continuously, the interest earned 
each year is more than 3%. The exponential growth function is 


P(t) = 30,000e°-%", 
b) We substitute 10 for r: 
P(10) = 30,000e9-(19) ~ $40,495.76. 


The balance in the account after 10 years will be $40,495.76. 
c) To find the doubling time T, we replace P(t) with 60,000 and solve for T: 


60,000 = 30,000e9-98T 


2 gener Dividing by 30,000 
In2 = In e®.08T Taking the natural logarithm on both sides 
In 2 = 0.03T 
In2 
—~— = T Dividin 
0.03 
23.1 = T. 
Thus the original investment of $30,000 will double in about 23.1 years, as 
7. Interest Compounded shown in the following graph of the growth function. 
Continuously. 
a) Suppose that $5000 is P(t) a 
invested and grows to $90,000 | PCO = 30,0002" 
$6356.25 in 4 years. Find the 80,000 + 
interest rate and then the 70,000 
exponential growth g 60,000 +}---—-- 
function. $50,000 7 | 
: e 40,000 7 I 
b) What is the balance after 30,000 | 
1 year? 2 years? 10 years? apeba 
c) What is the doubling time? 10,000 ! 


5 10 15 20 25 30 35 ¢ 
Doubling time = 23.1 yr ) 


AES ___Do Exercise 7._) 


7. (a) k = 6%, P(t) = 5000¢9-; 
(b) $5309.18; $5637.48; $9110.59; 
(c) about 11.6 years 
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) EXAMPLE 6 Female Olympians. Twenty-one women competed in the 
Summer Olympic Games in Paris in 1900, the first year in which women 
participated in the Games. Female participation grew exponentially through 
the years, reaching a total of 4746 competitors in Beijing in 2008, as shown in 
the graph below. 

Sources: The Complete Book of the Olympics, David Wallechinsky; www.olympic.org/uk 


Female Olympic Athletes 


Number competing 


Year 


a) We let t = the number of years since 1900. Then ¢ = 0 corresponds to 1900 
and t= 108 corresponds to 2008. Use the data points (0,21) and 
(108, 4746) to find the exponential growth rate and then the exponential 
growth function. 

b) Use the function found in part (a) to predict the number of female com- 
petitors in 2016. 

c) Use the function to determine the year in which there were about 2552 
female competitors. 


a) We use the equation P(t) = Poe, where P(t) is the number of women 
competing in the Summer Olympics t¢ years after 1900. In 1900, at t = 0, 
there were 21 female competitors. Thus we substitute 21 for Po: 

P(t) = 21e*, 
To find the exponential growth rate k, note that 108 yr later, in 2008, 4746 
women competed. We substitute and solve for k: 

P(108) = 21e*(108) 


Substituting 
4746 = 21e%(108) 


226 = ¢108k Dividing by 21 
In 226 = Ine} 08k Taking the natural logarithm on both sides 
5.4205 ~ 108k Ine*=a 

0.05 = k. 


The exponential growth rate is 0.05, or 5%, and the exponential growth 
function is P(t) = 21e9.%?, 


b) Since 2016 is 116 yr after 1900, we substitute 116 for ¢: 
P(116) = 21e%-95(116) ~ 6936, 


There will be about 6936 female competitors in the Summer Olympic 
Games in 2016. 
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8. Recycling Cell Phones. The 
number of cell phones that are 
recycled has grown exponen- 
tially in recent years. The graph 
below shows the number of cell 
phones collected by the largest 
US. recycler. 


Cell-Phone Recycling 


Cell phones recycled 
(in millions) 


SOURCE: ReCellular.com 


a) Let P(t) = Poe", where P(t) 
is the number of cell phones 
recycled, in millions, t years 
after 2004. Then t = 0 corre- 
sponds to 2004 and t = 4 
corresponds to 2008. Use the 
data points (0, 2) and (4, 5.5) 
to find the exponential 
growth rate and then the 
exponential growth function. 


b) Use the function found in 
part (a) to estimate the num- 
ber of cell phones recycled by 
the largest recycler in 2010. 


c) Assuming exponential growth 
continues at the same rate, 
predict the year in which 
12 million cell phones will be 
recycled. 


Answers 


8. (a) k ~ 0.253; P(t) = 2e°53!; (b) about 
9.1 million cell phones; (c) 2011 


c) To determine when there were about 2552 female competitors in the 
Summer Olympics, we substitute 2552 for P(t) and solve for f: 


2552 = 21e9.05t 


121.5238 ~ e9-05t Dividing by 21 
In 121.5238 = Ine®°5t — Taking the natural logarithm on both sides 
4.8001 ~ 0.05f Ine“ =a 
96 ~ ft. 
PO) 
a 
FE a 6000 
Bs é pre P(t) en 21e9-05t 
8 S peg ss oo 
EE 2000 
Em 1000 1 
Zé . 
20. 40° 60 80 400 120 
96 


Years since 1900 


We see that, according to this model, 96 yr after 1900, or in 1996, there 
were about 2552 female competitors in the Summer Olympics. 


Do Exercise 8. 


In some real-life situations, a quantity or population is decreasing or 
decaying exponentially. 


EXPONENTIAL DECAY MODEL 


An exponential decay model is a P(A 
function of the form 


P(t) = Poe, k> 0, 


P(t) = Pye 
where Pp is the quantity present at 
time 0, P(t) is the amount present at 


time ¢, and kis the decay rate. The es ‘ 
half-life is the amount of time Half-life 
necessary for half of the quantity 

to decay. 


EXAMPLE 7 Carbon Dating. The radioactive element carbon-14 has 
a half-life of 5750 yr. The percentage of carbon-14 present in the remains of or- 
ganic matter can be used to determine the age of that organic matter. In a cave 
in Spain, archaeologists have found charcoal samples that have lost 96.5% of 
their carbon-14. The age of these samples suggests that Neanderthals were in 
existence about 4000 yr longer than had been previously thought. What is the 
age of the samples? 

Source: Nature, September 13, 2006 
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We first find k. To do so, we use the concept of half-life. When t = 5750 
(the half-life), P(t) will be half of Po. Then 
0.5Py = Poe k(5750) 
0.5 = @9750k Dividing by Po 
In0.5 = Ine~5%0k —_ Taking the natural logarithm on both sides 
In 0.5 = —5750k 
Ind. _ 


—5750 
0.00012 = k. 


Now we have a function for the decay of carbon- 14: 
P(t) = Pye” -99012t, This completes the first part of our solution. 


(Note: This equation can be used for any subsequent carbon-dating 
problem.) 

If the charcoal has lost 96.5% of its carbon-14 from an initial amount 
Po, then 100% — 96.5%, or 3.5%, of Po is still present. To find the age ¢ of the 
charcoal, we solve the following equation for f: 


3.5%Py = Poe 0-90012¢ = We want to find t for which P(t) = 0.035Pp. 
O.035.= e000: Dividing by Po 
In 0.035 = Ine~9-00012t = Taking the natural logarithm on both sides 
In 0.035 = —0.00012t Ine*=a 


oe ee Dividing by —0.00012 
=0.00012 — aii 
28,000 © ¢. Rounding 
The charcoal samples are about 28,000 yr old. ) 9. Carbon Dating. How old is an 


animal bone that has lost 30% of 


Do Exercise 9. its carbon-14? 


_ STUDY TIPS 


BEGINNING TO STUDY FOR THE FINAL EXAM: 
ONE OR TWO DAYS OF STUDY TIME 


1. Begin by browsing through each chapter, reviewing the highlighted or boxed in- 
formation regarding important formulas in both the text and the Summary and 
Review. There may be some formulas that you will need to memorize. 

2. Work the Cumulative Review in the text during the last couple of days 
before the final. Skip any questions corresponding to objectives not 
covered. Restudy the objectives in the text that correspond to each 
question you missed. 


3. Attend a final-exam review session if one is available. 


Answer 
9. About 3000 yr 
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1. Grain Flow. Grain flows through 


spout A four times as fast as 
through spout B. When grain flows 
through both spouts, a grain bin is 
filled in 8 hr. How many hours 
would it take to fill the bin if grain 
flows through spout B alone? 


. Rectangle Dimensions. The 
perimeter of a rectangle is 50 ft. 
The width of the rectangle is 10 ft 
shorter than the length. Find the 
length and the width. 


. Wire Cutting. A 1086-in. wire 
is cut into three pieces. The 
second piece is 8 in. longer than 
the first. The third is four-fifths 
as long as the first. How long is 
each piece? 


. iPod Sales. Global sales of iPods 
totaled 0.1 million in 2002 and 
were growing exponentially at a 
rate of 126% per year. Write an 
exponential growth function J for 
which J(t) approximates the global 
sales of iPods t years after 2002. 


. Charitable Contributions. 

In 2010, Jeff donated $500 to 
charities. This was an 8% increase 
over his donations in 2008. How 
much did Jeff donate to charities 
in 2008? 


Translating 
for Success 


The goal of these matching questions 
is to practice step (2), Translate, of the 
five-step problem-solving process. 
Translate each word problem to an 
equation or a system of equations and 
select a correct translation from 
equations A-O. 


» 1G) =o1e—" 
. 40x = 50(x — 3) 


. x2 + (x — 10)? = 502 


+ 


,24 321 
x 


8 
4x 
- x + 8%x = 500 


x x= 2 


500 500 
+ 
-x+y= 90, 

0.1x + 0.25y = 16.50 


~xt+(x+1) + (x + 2) = 39 
4 
x + (x + 8) + —x = 1086 


x + (x + 2) + (x + 4) = 39 
« fy = 1.262?" 
. x2 + (x + 8)* = 1086 
. 2x + 2(x — 10) = 50 


500 _ 500 


+8 
oi ae 


- x+y=90, 
0.1x + 0.25y = 1650 


Answers on page A-33 


6. Uniform Numbers. The numbers 


on three baseball uniforms are 
consecutive integers whose sum is 
39. Find the integers. 


. Triangle Dimensions. The 


hypotenuse of a right triangle is 
50 ft. The length of one leg is 

10 ft shorter than the other. Find 
the lengths of the legs. 


. Coin Mixture. A collection of 


dimes and quarters is worth 
$16.50. There are 90 coins in all. 
How many of each coin are 
there? 


. Car Travel. Emma drove her 


car 500 mi to see her friend. The 
return trip was 2 hr faster at a 
speed that was 8 mph mote. 
Find her return speed. 


. Train Travel. An Amtrak train 


leaves a station and travels east 

at 40 mph. Three hours later, a 
second train leaves on a parallel 
track traveling east at 50 mph. 
After what amount of time will the 
second train overtake the first? 


: For Extra Help Zz q 
Exe rc | Se S et MyMathLab y ie WATCH DOWNLOAD Re Ka 


V am \ 
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Sound Levels. Use the decibel formula from Example 1 for Exercises 1-4. 


1. Sound of Cicadas. The intensity of sound generated by 2. Sound of an Alarm Clock. The intensity of sound of an 
a large swarm of cicadas can reach10~3 W/m2. What is alarm clock is 10~* W/m2. What is this sound level, in 
this sound level, in decibels? decibels? 


3. Dishwasher Noise. A top-of-the-line dishwasher, built 4. Jackhammer Noise. Ajackhammer can generate sound 
to muffle noise, has a sound measurement of 45 dB. A measurements of 130 dB. What is the intensity of such 
less-expensive dishwasher can have a sound measure- sounds? 


ment of 60 dB. What is the intensity of each sound? 


pH. Use the pH formula from Example 2 for Exercises 5-8. 


5. Milk. The hydrogen ion concentration of milk is about 6. Mouthwash. The hydrogen ion concentration of 
1.6 X 107? moles per liter. Find the pH. mouthwash is about 6.3 X 1077 moles per liter. Find 
the pH. 
7. Alkalosis. When the pH ofa person's blood rises above 8. Orange Juice. The pH of orange juice is 3.2. What is its 
7.4, a condition called alkalosis sets in. Alkalosis can be hydrogen ion concentration? 


fatal at a pH level above 7.8. What would the hydrogen 
ion concentration of the person’s blood be at that 
point? 


Walking Speed Inastudy by psychologists Bornstein and 
Bornstein, it was found that the average walking speed w, in 
feet per second, of a person living in a city of population P, 
in thousands, is given by the function 


w(P) = 0.37In P + 0.05. 
In Exercises 9-12, various cities and their populations are 
given. Find the walking speed of people in each city. 


Source: /nternational Journal of Psychology 


9. Albuquerque, New Mexico: 518,271 10. Nashville, Tennessee: 590,867 


11. Chicago, Illinois: 2,836,654 12. Philadelphia, Pennsylvania: 1,449,834 
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(b) Solve. 


13. Organic Food Sales. A growing number of consumers 


15 


. 


are buying organic foods. Sales of organic food and 
beverages S in the United States, in billions of dollars, 
are approximated by the exponential function 

S(t) = 13.9(1.19)% 
where tis the number of years since 2005. 
Source: Organic Trade Association 


a) What were the sales of organic food and beverages in 
20092 

b) In what year will sales total $56 billion? 

c) What is the doubling time for sales of organic food 
and beverages? 


Internet Usage. Internet users could soon experience 

a slowdown in speed as the use of interactive- and 

video-intensive services overwhelms the capacities of 

local cable, telephone, and wireless providers. Internet 

usage can be approximated by the exponential function 
U(t) = 2469(2.47)', 

where U is in petabytes per month and tis the number 

of years since 2006. [One petabyte (PB) = 10! bytes.] 

Source: Nemertes Research 

a) Find Internet usage in 2012. 


b) In what year was Internet usage 91,900 PB per month? 
c) What is the doubling time of Internet usage? 


14. Spread of Rumor. The number of people who hear a 


rumor increases exponentially. If 20 people start a rumor 
and if each person who hears the rumor repeats it to two 
people per day, the number of people N who have heard 
the rumor after t¢ days is given by the function 
N(t) = 20(3)4 
a) How many people have heard the rumor after 
5 days? 
b) After what amount of time will 1000 people have 
heard the rumor? 
c) What is the doubling time for the number of people 
who have heard the rumor? 


16. Salvage Value. Acolor photocopier is purchased for 


$4800. Its value each year is about 70% of its value in the 
preceding year. Its salvage value, in dollars, after t years 
is given by the exponential function 
V(t) = 4800(0.7)¢. 
a) Find the salvage value of the copier after 3 yr. 
b) After what amount of time will the salvage value be 
$12002 
c) After what amount of time will the salvage value be 
half the original value? 


Growth. Use the exponential growth model P(t) = Poe* for Exercises 17-22. 
17. Interest Compounded Continuously. Suppose that Po 


is invested in a savings account in which interest is 
compounded continuously at 3% per year. 


a) Express P(t) in terms of Pp and 0.03. 

b) Suppose that $5000 is invested. What is the balance 
after 1 year? 2 years? 10 years? 

c) When will the investment of $5000 double itself? 
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18. Interest Compounded Continuously. Suppose that Po 


is invested in a savings account in which interest is 

compounded continuously at 5.4% per year. 

a) Express P(t) in terms of Po and 0.054. 

b) Suppose that $10,000 is invested. What is the balance 
after 1 year? 2 years?10 years? 

c) When will the investment of $10,000 double itself? 
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19. 


21. 


World Population Growth. In 2009, the population of 
the world reached 6.8 billion, and the exponential 
growth rate was 1.188% per year. 

Sources: U.S. Census Bureau; Central Intelligence Agency 


a) Find the exponential growth function. 
b) What will the world population be in 2014? 
c) In what year will the world population reach 
15 billion? 
d) What is the doubling time of the world population? 


20. Population Growth of the United States. 


In 2009, the 
population of the United States was 307 million, and the 
exponential growth rate was 0.975% per year. 

Source: U.S Census Bureau 


a) Find the exponential growth function. 

b) What will the U.S. population be in 20152 

c) In what year will the U.S. population reach 335 
million? 

d) What is the doubling time of the U.S. population? 


Tax Preparation Cost. As the U.S. tax code becomes 
increasingly complex, individuals and businesses are 
spending more each year on tax preparation. In 1990, 
$80 billion was spent on tax preparation. This cost was 
estimated to grow exponentially to $368 billion in 2010. 
Source: Tax Foundation 


a) Let ¢t = 0 correspond to 1990 and t = 20 correspond 
to 2010. Then tis the number of years since 1990. 
Use the data points (0, 80) and (20, 368) to find the 
exponential growth rate and fit an exponential 
growth function C(t) = Cye* to the data, where 
C(t) is the amount spent on tax preparation f years 
after 1990. 

b) Use the function found in part (a) to estimate the total 
cost of tax preparation in 2012. 

c) When will the total cost reach $500 billion? 


22. 


First-Class Postage. First-class postage (for the first 
ounce) was 34¢ in 2000 and 44¢ in 2009. Assume the cost 
increases according to an exponential growth function. 
Source: U.S. Postal Service 


a) Let t = 0 correspond to 2000 and t = 9 correspond 
to 2009. Then tis the number of years since 2000. 
Use the data points (0, 34) and (9, 44) to find the 
exponential growth rate and fit an exponential 
growth function P(t) = Poe* to the data, where 
P(t) is the cost of first-class postage, in cents, 
tyears after 2000. 

b) Use the function found in part (a) to predict the cost 
of first-class postage in 2016. 

c) When will the cost of first-class postage be $1.00, or 
100¢? 


Carbon Dating. Use the carbon-14 decay function P(t) = Poe~-9°°!2! for Exercises 23 and 24. 


23. Carbon Dating. When archaeologists found the Dead 
Sea scrolls, they determined that the linen wrapping 
had lost 22.3% of its carbon-14. How old was the linen 
wrapping? 


24. Carbon Dating. In 1998, researchers found an ivory 
tusk that had lost 18% of its carbon-14. How old was the 
tusk? 
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Decay. Use the exponential decay function P(t) = Pye for Exercises 25 and 26. 


25. Chemistry. The decay rate of iodine-131 is 9.6% per 26. Chemistry. The decay rate of krypton-85 is 6.3% per 
day. What is the half-life? day. What is the half-life? 

27. Home Construction. The chemical urea formaldehyde 28. Plumbing. Lead pipes and solder are often found in 
was found in some insulation used in houses built older buildings. Unfortunately, as lead decays, toxic 
during the mid to late 1960s. Unknown at the time was chemicals can get in the water resting in the pipes. 
the fact that urea formaldehyde emitted toxic fumes as The half-life of lead is 22 yr. What is its decay rate? 


it decayed. The half-life of urea formaldehyde is 1 yr. 
What is its decay rate? 


29. Decline in Home Milk Deliveries. The number of home 30. Covered Bridges. There were as many as 15,000 
milk deliveries has declined considerably over the years. covered bridges in the United States in the 1800s. Now 
In 1963, home deliveries accounted for 29.7% of milk their number is decreasing exponentially, partly as a 
distribution, but by 2005, this figure had dropped to result of vandalism. In 1965, there were 1156 covered 
0.4%. Assume this percent is decreasing according to the bridges, but by 2007, only 750 covered bridges remained. 
exponential decay model. Source: National Society for the Preservation of Covered Bridges 
Source: U.S. Department of Agriculture a) Find the exponential decay rate, and write an 
a) Find the exponential decay rate, and write an expo- exponential function B that represents the number 
nential function D that represents the percent of milk of covered bridges t years after 1965. 
distribution that consists of home deliveries t years b) Estimate the number of covered bridges in 2002. 
after 1963, where Do = 29.7. c) In what year were there 900 covered bridges? 


b) Estimate the percent of milk distribution accounted 
for by home deliveries in 1990. 

c) In what year did home deliveries account for 1% of 
milk distribution? 


31. Population Decline of Pittsburgh. The population 32. Solar Power. Solar energy capacity is increasing expo- 
of the metropolitan Pittsburgh area declined from nentially worldwide. In 2005, 1460 megawatts (MW) of 
2.431 million in 2000 to 2.356 million in 2007. Assume capacity had been installed. This capacity increased to 
the population decreases according to the exponential 5948 MW in 2008. 
decay model. Source: Solarbuzz Inc. 

Source: U.S. Census Bureau a) Find the exponential growth rate, and write a func- 

a) Find the exponential decay rate, and write an expo- tion that represents solar energy capacity t years after 
nential function that represents the population of 2005. 
Pittsburgh t years after 2000. b) Estimate the world’s solar energy capacity in 2012. 

b) Estimate the population of Pittsburgh in 2020. c) In what year will solar energy capacity reach 

c) In what year will the population of Pittsburgh reach 100,000 Mw? 


2.182 million? 
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33. Value of a Sports Card. Because he objected to smok- 


ing, and because his first baseball card was issued in cig- 
arette packs, the great shortstop Honus Wagner halted 
production of his card before many were produced. One 
of these cards was sold in 1996 for $640,500 and again 

in 2007 for $2,800,000. Assume that the card’s value 
increases exponentially. 


a) Find the exponential growth rate, and write a 
function V that represents the value of the card 
tyears after 1996. 

b) Estimate the card’s value in 2000. 

c) What is the doubling time of the value of the card? 

d) In what year did the value of the card first exceed 
$3,250,0002 


34. Art Masterpieces. The most ever paid for a painting is 


$104,168,000, paid in 2004 for Pablo Picasso’s “Garcon a 
la Pipe.” The same painting sold for $30,000 in 1950. 
Source: BBC News, 5/6/04 


a) Find the exponential growth rate, and write an expo- 
nential growth function V that represents the painting’s 
value, in millions of dollars, t years after 1950. 

b) Estimate the value of the painting in 2009. 

c) What is the doubling time for the value of the 
painting? 

d) How long after 1950 will the value of the painting be 
$1 billion? 


Skill Maintenance 


Compute and simplify. Express answers in the form a + bi, where i? = —1. 
1 36. i*8 a7. 0° 

8-1 24+ 3i 
40. i18 — j}6 Al. 42. 

8+i 5 — 4i 


Synthesis 


El Usea graphing calculator to solve each of the following equations. 
45, 2* =." 46. (In2)x = 10Inx 


49. Sports Salaries. In 2001, Derek Jeter of the New York 50. Nuclear Energy. Plutonium-239 (Pu-239) is used in 
nuclear energy plants. The half-life of Pu-239 is 
24,360 yr. How long will it take for a fuel rod of 
Pu-239 to lose 90% of its radioactivity? 

Source: Microsoft Encarta 97 Encyclopedia 


Yankees signed a $189 million 10-yr contract that 

paid him $21 million in 2010. How much would the 
Yankee organization need to invest in 2001 at 5% inter- 
est, compounded continuously, in order to have the 
$21 million for Jeter in 2010? 
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47. x2 = 2* 


[6.8c, d, e] 
38. 9” 39. (14 + 715 


43. (5 — 4i) (5 + 4i) 44, (-10 — 3i)? 


48. x3 = e* 
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Summary and Review 


r » 
Key Terms and Properties 
exponential function, p. 673 common logarithms, p. 708 exponential growth rate, p. 741 
compound interest, p. 678 natural logarithms, p. 722 exponential decay model, p. 744 
inverse relation, p. 686 exponential equation, p. 731 decay rate, p. 744 
one-to-one function, p. 688 logarithmic equation, p. 733 half-life, p. 744 
composite function, p. 695 doubling time, p. 740 
logarithmic function, p. 704 exponential growth model, p. 741 


Exponential Functions 


log M = logi9 M, 


Carbon Dating: P(t) 


iS) 


rPnnwn & w&w 


f(x)=a% f(x) =e 
Composition of Functions: (f° g) (x) = f(g(x)) 
Definition of Logarithms: ogg xis that number y such that x = a’, 


Properties of Logarithms: 


log, MN = log,M + log,N, log,a* = k, log, Mk = k - log, M, logy M = , 


M 
logay = log, M — log, N, e © 2.7182818284... 


Growth: P(t) = Poe* 
Decay: P(t) = Pye 
= Pye~0.00012t 


Interest Compounded Annually: A=P(1+,r)! 
nt 
Interest Compounded n Times per Year: A = P(1 + r) 


Interest Compounded Continuously: P(t) = Pye*, where Po dollars are invested for f years at interest rate k 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The y-intercept of a function f(x) = a*is (0,1). [8.1a] 


. If itis possible for a horizontal line to intersect the graph of a function more than once, 


. Afunction and its inverse have the same domain. [8.2b] 

. Alogarithm of a number is an exponent. [8.3a] 

.loggl=0, a>0 [8.3c] 

. If we find that log (78) ~ 1.8921 on a calculator, we also know that 101-8971 = 78.  [8.3d] 
. In(35) = In7-In5_ [8.4a] 


. The functions f(x) = e* and g(x) = In x are inverses of each other. [8.5a] 


where x > 0 and ais a positive constant other than 1. 


logg1 = 0, In M = log, M, logga = 1, 


r 


its inverse isafunction. [8.2b] 


CE“ 
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Important Concepts 


Objective 8.1a Graph exponential equations and functions. 


Example Graph: f(x) = 4”. Practice Exercise 


We compute some function values and list the results 


in a table: 
i 2 
a = A 
f(-2) =4 2 16 
1 
f(-1) = 44 = 4; - 
f(0) = 4° = 1; ; 
fl) =4'=4; l 
f(2) = 42 = 16. 4 
16 


Now we plot the points (x, f(x)) and connect them with a 
smooth curve. 


Objective 8.2b Given a function, determine whether it is one-to-one 
and has an inverse that is a function. 


Example Determine whether the function f(x) = x + 5 
is one-to-one and thus has an inverse that is also a 
function. 

The graph of f(x) = x + 5 is shown below. No horizon- 


tal line crosses the graph more than once, so the function is 
one-to-one and has an inverse that is a function. 


one-to-one. 


12345 5% 


f@=x+5 


If there is a horizontal line that crosses the graph of a 
function more than once, the function is not one-to-one 
and does not have an inverse that is a function. 


Practice Exercise 
2. Determine whether the function f(x) = 3* is 


1. Graph: f(x) = 2%. 


123 4 


x 
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Objective 8.2c Finda formula for the inverse of a function, if it exists, 


and graph inverse relations and functions. 


Example Determine whether the function f(x) = 3x — 1 
is one-to-one. If it is, find a formula for its inverse. 


The graph of f(x) = 3x — 1 passes the horizontal-line 
test, so it is one-to-one. Now we find a formula for f~!(x). 


1. Replace f(x) withy: y=3x—- 1. 
2. Interchangexandy: x= 3y—1. 
3. Solve for y: x+1= 3y 
xe 
5 @ 
4. Replace ywith f-1(x): f(x) = e ; 


Example Graph the one-to-one function g(x) = x — 3 
and its inverse using the same set of axes. 


We graph g(x) = x — 3 and then draw its reflection 
across the line y = x. 


Objective 8.2d 
as a composition of functions. 


Example Given f(x) = x — 2 and g(x) = x’, find 
(f° g) (x) and (g° f) (x). 


(f° 8) (x) = f(g(x)) 


afar) =a" = 2} 
(g°f) (x) = s(f()) 
= g(x — 2) = (x - 2)? 
=x?-4x+4 
Example Find f(x) and g(x) such that h(x) = (f° g) (x): 


h(x) = Wx — 5. 
Two functions that can be used are f(x) = Wx and 
g(x) = x — 5. There are other correct answers. 


Practice Exercises 


3. Determine whether the function g(x) = 4 — xis 
one-to-one. If it is, find a formula for its inverse. 


4. Graph the one-to-one function f(x) = 2x + 1 and its 
inverse using the same set of axes. 


Find the composition of functions and express certain functions 


Practice Exercises 
5. Given f(x) = 2x and g(x) = 4x + 1, find (f° g) (x) 
and (g ° f) (x). 


6. Find f(x) and g(x) such that h(x) = (f° g) (x): 


1 
Me) 354 
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r 
Objective 8.3a Graph logarithmic functions. 


Example Graph: y = f(x) = log,x. 
The equation y = log, x is equivalent to 4’ = x. 


Practice Exercise 


ne 
For y 2,x=A4 2 16° 
1 
For y = Lan atas, 16 — 
= — 40 — £ =a 
Fory=0,x =4°=1 4 
Fory=1«=4!=4, Tl 
Fory = 2,x = 47 = 16. 4 1 
16 2 
Ye 


Now we plot these points and connect them with a smooth 
curve. 


4 

3 Ff) =log x. 
3 4 

1 


aL 2345678910 :y 


Example Express 
ies 
6e. 
8a a 
in terms of logarithms of x, y, and z. 
2 
x 
Joga} = loge (x2y) ~ logaz! 
Zz 
= log, x* + loggy — loggz 
= 2log,x + loggy — 3loggz 


Example Express 


1 
4logg x — 7 O8ay 


as a single logarithm. 


1 
4loggx — 3 lO8ay = log, x* — log, y¥/? 


x4 x4 


= log , or logg —= 
“yl “vy 


7. Graph: y = logs x. 


> 
=i 12345678910 'y 


Objective 8.4d Convert from logarithms of products, quotients, and powers to expressions 
in terms of individual logarithms, and conversely. 


Practice Exercises 


3 
8. Express log, ,) ~ in terms of logarithms of x and y. 
y 


9. Express ; log, x — 3 log, yas a single logarithm. 


Summary and Review: Chapter 8 
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“ 


Example Graph: f(x) = e771. 


{—_______. 
S32 e sty 


0.5 23 g(x) =Inx+3 
1 3 1 
3 4.1 a 
5 4.6 - 
8 5.1 
10 5.3 
a 


Objective 8.6a Solve exponential equations. 


Example Solve: 3°! = 81. 

3x1 = 81 

3x-1 oo 34 
Since the bases are the same, the exponents must be the 
same: 

x-1=4 

x= 5. 

The solution is 5. 


Objective 8.6b Solve logarithmic equations. 
Example Solve: logx + log(x + 3) = 1. 


logx + log(x + 3) =1 
logig [x(x + 3)] =1 


x(x + 3) = 10! 
x2 + 3x = 10 
x2 + 3x-10= 
(x + 5)(x- 2) = 
x+5=0 or x-2= 
x=-5 or x=2 


The number —5 does not check, but 2 does. The solution 
is 2. 


Objective 8.5c Graph exponential and logarithmic functions, base e. 


Practice Exercises 
10. Graph: f(x) = e* — 1. 


Gece ie an Meier a ts eee 


Practice Exercise 


12. Solve: 2°* = 16. 


Practice Exercise 
13. Solve: logs (2x + 3) = 2. 
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Review Exercises 


1. Find the inverse of the relation 
{(—4, 2), (5, -7), (-1, -2), (10, 11)}.  [8.2a] 


Determine whether each function is one-to-one. If it is, 
find a formula for its inverse. [8.2b, c] 


_ 24 >3 


2. f(x) = 4 -— x? 3. 2(x) ; 


6. Graph the function f(x) = x* + 1 and its inverse using 
the same set of axes. [8.2c] 


Graph. 
7. f(x) = 3%! [8.1al 


9. f(x) = e**! [8.5c] 


‘ 


Frm we TDN © OO 


nea eed 123 4 


x 


f(x) "| 
9 
0 8 
2 
1 6 
5 
2 4 7 [123456789 % 
: =1 
3 2 - Sa 
; -3 
-4 
-1 ~4-3-2-1 | 1234 °=% 
=2 
= 
a 
8. f(x) = log3x,ory = log3x [8.3a] 11. Find (fe g) (x) and (ge f) (x) if f(x) = x? and 
y = log3x—>x = g(x) = 3x-—5. [8.2d] 
y VA 
12. If h(x) = V4 — 7x, find f(x) and g(x) such that 
A : h(x) = (fe g)(x). [8.2d] 
2 
1 T Convert to a logarithmic equation. [8.3b] 
9 [22.34.5678 9 a 13. 104 = 10,000 14, 25/2 =5 
2 
3 _3 Convert to an exponential equation. [8.3b] 
4 15. log,16 = x 16. log}/28 = —3 
=i 
“a Find each of the following. [8.3c] 
17. log39 18. logioat 
—3 
> # 19. log,m 20. log, 1 


Summary and Review: Chapter 8 757 


Find the common logarithm, to four decimal places, using Solve. Where appropriate, give approximations to four 


acalculator. [8.3d] decimal places. [8.6a, b] 
78 41. log3x = —2 42. log,32 = 5 
7 oe 22. | —4 
21 los (=e5) og (—4) 
; . 43. logx = —4 44, 3Inx = —-6 
Express in terms of logarithms of x, y,and z. [8.4d] 
2 
23. loggx4y2z3 24. log | = 
xy 
45. 42x-5 = 16 46, 2%° - 24% = 32 
Express as a single logarithm. [8.4d] 
25. | 8+] 15 
NR ee 47. 4° = 8.3 48. e~9-1! = 0.03 
26. Sloga — logb — 2logce 
49. log, 16 = x 
Simplify. [8.4e] 
27. log, m!’ 28. log, m~’ 50. loga x + logs (x — 6) = 2 
Given log, 2 = 1.8301 andlog,7 = 5.0999, find each of 51. logs (x + 3) — logo (x — 3) =4 
the following. [8.4d] 
29. log, 28 30. log, 3.5 
52. log3 (x — 4) = 3 — log3(x + 4) 
31. log, V7 32. logai 


Solve. [8.7a, b] 


53. Sound Level. The intensity of sound of a symphony 
orchestra playing at its peak can reach 10!:’ W/m?. 
How high is this sound level, in decibels? (Use 

33. In 0.06774 34, e 0-98 L = 10 = log (J/Ip) and Ig = 107!2 W/m?. 


Find each of the following, to four decimal places, using a 
calculator. [8.5a] 


35. e291 36. In1 


37. InO 38. Ine 


Find each logarithm using the change-of-base formula. 
[8.5b] 


39. logs 2 40. log). 70 
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54, e-filing. An increasing number of taxpayers are filing 56. The population of a colony of bacteria doubled in 3 days. 
their federal income tax returns electronically. The What was the exponential growth rate? 
number R, in millions, of returns e-filed t years after 
2005 can be approximated by the exponential function 
R(t) = 68.2(1.076)*. 
Source: Internal Revenue Service 
57. How long will it take $7600 to double itself if it is 


a) Estimate the number of returns filed electronicall : : 
) y invested at 3.4%, compounded continuously? 


in 2008, in 2010, and in 2012. 

b) In what year will 131.9 million returns be e-filed? 

c) What is the doubling time for the number of e-filed 
returns? 


d) Graph the function. 
58. How old is a skeleton that has lost 34% of its carbon-14? 


(Use P(t) = Pye~9-00012t ) 


i and "3 md 
cnc ea ne 


= 


2h) eee 59. What is the inverse of the function f(x) = 5”, if it 
a: exists? [8.3a] 
Aa ft (x)= x B. f (x) = log,5 


nmeret | St C. f(x) = logsx D. Does not exist 


60. Solve: log (x* — 9) — log(x + 3) = 1. [8.6b] 


55. Investment. In 2009, Lucy invested $40,000 in a . ‘ = zs 3 
mutual fund. By 2012, the value of her investment was ° . 
$53,000. Assume that the value of her investment 
increased exponentially. 

a) Find the value k, and write an exponential function 
that describes the value of Lucy’s investment t years ‘ 
after 2009. Synthesis 
b) Predict the value of her investment in 2019. Solve. [8.6a, b] 
c) In what year will the value of her investment first aie 
reach $85,000? 61. In (Inx) = 3 
62. 5**Y = 25, 22x Y = 64 
Understanding Through Discussion and Writing 
1. Explain how the graph of f(x) = e* could be used to 4. Explain how the equation In x = 3 could be solved 
obtain the graph of g(x) = 1+ Inx. [8.2c], [8.5a] using the graph of f(x) = Inx. [8.6b] 


2. Christina first determines that the solution of 
logs (x + 4) = lis —1, but then rejects it. What 
mistake do you think she might be making? _[8.6b] 5. Explain why you cannot take the logarithm of a 
negative number. [8.3a] 
3. An organization determines that the cost per person of 


chartering a bus is given by the function 


C(x) = 100 + 5x 6. Write a problem for a classmate to solve in which data 
x that seem to fit an exponential growth function are 
where x is the number of people in the group and C(x) provided. Try to find data in a newspaper to make the 
is in dollars. Determine C~!(x) and explain how this problem as realistic as possible. [8.7b] 


inverse function could be used. [8.2c] 


Summary and Review: Chapter 8 759 


For Extra Help 


Te st a “Test Pre Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
S rep on DVD, in Mymathab|y ,and on Youfip (search “BittingerInterAlgPB" and click on “Channels”). 


a 
= 
SS 
—_ 
| 
| 
SS 
= 


S : S 
-5-4-3-2-1,/ 12345 x -5-4-3-2-1,| 12345 % 


corr 


ee 
Ss 
| 
® 
‘i 
i) 
= 
& 
lI 
SI 
e 
| 
S 


(x) = 


: = > 
b4-9-2-1,[ 12.3.4 5% = eee 


as 
GS 
RS Coys 
B 
>) 
Ss 
BNPor a = 


| 
| 
| 


5. Find the inverse of the relation {(—4, 3), (5, —8), (—1, —3), (10, 12)}. 
[8.2a] 


Determine whether each function is one-to-one. If it is, find a formula for its inverse. 
6. f(x) = 4x -— 3 th Iee) = (Gee Ee 8. f(x) = 2 - |x| 


[8.2b, c] [8.2b, c] p20] 


9. Find (f° g) (x) and (g° f) (x) if f(x) = x + x* and g(x) = 5x — 2. 
[8.2d] 
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10. Convert to a logarithmic equation: 11. Convert to an exponential equation: 
2561/2 = 16. m = log7 49. 


Find each of the following. 
12. logs 125 13. log, 124 14. log, 1 


Find the common logarithm, to four decimal places, using a calculator. 


15. log 0.0123 16. log (—5) 
17. Express in terms of logarithms of a, b, and c: 18. Express as a single logarithm: 
Nate sloggx — 3loggy + 2loggz. 
log 
G 


Given log, 2 = 0.301, log, 6 = 0.778, and log, 7 = 0.845, find each of the following. 
19. log, 20. log, 12 


Find each of the following, to four decimal places, using a calculator. 
21. In 807.39 225008 23, In. 


24. Find log), 31 using the change-of-base formula. 


Solve. Where appropriate, give approximations to four decimal places. 


25. 10g 25)— 92 26. logy x = 5 27. logx = 4 
2h Zn — ale) 
30. log (x? — 1) — log(x — 1) = 1 31. logs x + logs(x +4) =1 


Test: Chapter 8 
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32. Tomatoes. What is the pH of tomatoes if the hydrogen ion concentration is 6.3 X 10° moles per liter? (Use 
pH = — logis) 


33. Cost of Health Care. Spending on health care in the 34, Interest Compounded Continuously. Suppose a $1000 
United States is projected to follow the exponential investment, compounded continuously, grows to 
function $1150.27 in 5 years. 

Tap) = DBSyALOray, a) Find the interest rate and the exponential growth 
where H is the spending, in trillions of dollars, and tis function. 
the number of years since 2008. b) What is the balance after 8 years? 


c) When will the balance be $14392 
d) What is the doubling time? 


Source: National Coalition on Health Care 


a) Find the spending on health care in 2012. 
b) In what year will spending on health care reach 
$5 trillion? 
c) What is the doubling time of health-care spending? 


35. The population of Masonville grew exponentially and 36. How old is an animal bone that has lost 43% of its 
doubled in 23 yr. What was the exponential growth rate? carbon-14? (Use P(t) = Pge~-000121) 


37. Solve: log (3x — 1) + logx = 1. 


A. There are one positive solution and one negative solution. 
B. There is exactly one solution, and it is positive. 

C. There is exactly one solution, and it is negative. 

D. There is no solution. 


Synthesis 


38. Solve: log; |2x — 7| = 4. 39. Iflog,x = 2,log,y = 3, andlog,z = 4, find 
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Cumulative Review 


Solve. 
iL, 2 = 3) = OG = 42 = Bs) 
As dee = &) = NO) 
Bb he — GV sy, A eae WV = eg = Il 
3x + 5y = 4 2X Vote 4, 
a= Ya 2= Il 
7 2 4 
5. = 
peak =D 5 
 VeH= l= Vera—i 


11. 


13. 


14. 


15. 


17. 


18. 


.x-8Vx+15=0 


- loggx = 1 


8. x4 — 13x2 + 36 =0 
10, 35% = 7 
lose = lose = 8) = il 12. x2 + 4x >5 


lax - 3) =9 


If f(x) = x* + 6x, find a such that f(a) = 11. 


Solve D = 


ab i Ab val 
for a. 1G, SOWe= + = = Stor 7g, 
ror ora 6 ee Fi aod 


Find the domain of the function f given by 


=Ah 
F(x) = 3x2 — 5x — 2 


Chocolate Making. Greene Brothers’ Chocolates are 
made by hand. It takes Anne 10 min to coat a tray of 
truffles in chocolate. It takes Clay 12 min to coat a tray 
of truffles. How long would it take Anne and Clay, 
working together, to coat the truffles? 


19. 


20. Acid Mixtures. 


21. 


ier 


23. 


24. 


Forgetting. Students in a biology class took a final 
examination. A forgetting formula for determining 
what the average exam score would be on a retest 

t months later is 

S(t) = 78 — 15 log (t+ 1). 

a) The average score when the students first took the 
test occurs when ¢ = 0. Find the students’ average 
score on the final exam. 

b) What would the average score be on a retest after 
4 months? 


Swim Clean is 30% muriatic acid. 
Pure Swim is 80% muriatic acid. How many liters of 
each should be mixed together in order to get 100 L 
of a solution that is 50% muriatic acid? 


Marine Travel. A fishing boat with a trolling motor 
can move at a speed of 5 km/h in still water. The boat 
travels 42 km downstream in the same time that it 
takes to travel 12 km upstream. What is the speed of 
the stream? 


Population Growth of Brazil. The population of 
Brazil was approximately 196 million in 2008, and the 
exponential growth rate was 1.2% per year. 


a) Write an exponential function describing the 
growth of the population of Brazil. 

b) Estimate the population in 2012 and in 2015. 

c) What is the doubling time of the population? 


Landscaping. A rectangular lawn measures 60 ft by 
80 ft. Part of the lawn is torn up to install a sidewalk of 
uniform width around it. The area of the new lawn is 
2400 ft?. How wide is the sidewalk? 


Given that y varies directly as the square of x and 
inversely as z, and y = 2 when x = 5 andz = 100. 
What is y when x = 3 andz = 4? 


Graph. 


25. 


27. f(x) = 2x2 — 4x -1 


5x = 15 + 3y Ay =Die = SW SG 


28. f(x) = 3* 


29. y = log3x 
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Cumulative Review: Chapters 1-8 


Perform the indicated operations and simplify. 
30. (11x? — 6x — 3) — (3x? + 5x — 2) 


31. (3x2 — 2y)? 


32. (5a + 3b) (2a — 3b) 


x? +8x+16 x%+3x-4 


33. : 

2x +6 x2-—9 

1+5 
34, 

me 

x 

3 D, 4 

35 { 


Factor. 


36. 1 — 125x3 37. 6x2 + 8xy — By? 


38. x4 — 4x3 + 7x — 28 39. 2m2 + 12mn + 18n2 


40. x* — 16y4 


41. For the function described by 
h(x) = —3x2 + 4x + 8, 
find h(—2). 


42. Divide: (x* — 5x3 + 2x2 — 6) + (x — 3). 


For the radical expressions that follow, assume that all 
variables represent positive numbers. 


43. Multiply and simplify: V 7xy? - V28x2y. 


W/40xy8 
V oxy 


44, Divide and simplify: 
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sas 
2-Vy 


45. Rationalize the denominator: 


46. Multiply these complex numbers: 
(Cl + V8) (G@ = DS). 


47. Find the inverse of f if f(x) = 7 — 2x. 


48. Find an equation of the line containing the point 
(—3, 5) and perpendicular to the line whose equation 
is2x+y=6. 


49. Express as a single logarithm: 
3logx — jlogy — 2logz. 


50. Convert to an exponential equation: 
logg5 = x. 


Find each of the following using a calculator. Round 
answers to four decimal places. 


51. log 0.05566 52. 102-89 


53. In 12.78 54, e 14 


55. Complete the square: f(x) = —2x? + 28x — 9. 
A. f(x) = 2(x — 7)? - 89 
B. f(x) = —2(x — 7)? — 58 
C. f(x) = —2(x — 7)% — 107 
D. f(x) = -2(x — 7)2 + 89 


56. Solve B = 2a(b? — c) forc. 


G B 
IN B, c= —,/— — b? 
G ob 3 Cc b 
2ab* — B 
_  _ 7 = 
C. c = 2a(b B°) D ay 
Synthesis 
Solve. 
1 
67 ee Bu 


Sea= SB Set se po” 
58. log V3x = Vlog 3x 


59. Train Travel. A train travels 280 mi at a certain 
speed. If the speed had been increased by 5 mph, the 
trip could have been made in 1 hr less time. Find the 
actual speed. 
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CHAPTER 


Conic Sections 


9.1 Parabolas and Circles 
9.2 Ellipses y 
MID-CHAPTER REVIEW 

9.3  Hyperbolas 

VISUALIZING FOR SUCCESS 


9.4 Nonlinear Systems 
of Equations ‘ll 


Ss a 


SUMMARY AND REVIEW 
TEST 
CUMULATIVE REVIEW 


Real-World Application 


The area of an hibachi rectangular cooking surface in a Japanese restaurant is 8 ft?, 
and the length of a diagonal of the surface is 2/5 ft. Find the dimensions of the 
cooking surface. 


This problem appears as Exercise 33 in Section 9.4. 
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SKILL TO REVIEW 
Objective 7.6a: For a quadratic 
function, find the vertex, the line of 
symmetry, and the maximum or 
minimum value, and then graph the 
function. 


For each quadratic function, find 
(a) the vertex, (b) the line of 
symmetry, and (c) the maximum or 
minimum value. Then (d) graph the 
function. 


1. f(x) = 2x2 + 4x-1 
2. f(x) = —x* + 4x - 3 


This section and the next two examine curves formed by cross sections of 
cones. These curves are graphs of second-degree equations in two variables. 
Some are shown below. 


CONIC SECTIONS IN THREE DIMENSIONS 


> | 
AA 
as 


; <p: 


Circle Ellipse Parabola Hyperbola 


x 


= 
Ne 
Vv 


CONIC SECTIONS GRAPHED IN A PLANE 


(a) Parabolas 


When a cone is cut by a plane parallel to a side of the cone, as shown in the 
third figure above, the conic section formed is a parabola. General equations 
of parabolas are quadratic. Parabolas have many applications in electricity, 
mechanics, and optics. A cross section of a satellite dish is a parabola, and 
arches that support certain bridges are parabolas. (Free-hanging cables have 
a different shape, called a catenary.) An arc of a spray can have part of the 
shape of a parabola. 


EQUATIONS OF PARABOLAS 


y=ax*+bx+c (Line of symmetry is parallel to the y-axis.) 
x =ay?+by+c (Line of symmetry is parallel to the x-axis.) 


Answers 


Answers to Skill to Review Exercises 1 and 2 are 
on p. 767. 
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Recall from Chapter 7 that the graph of f(x) = ax* + bx + c (with 
a # 0) isa parabola. 


' EXAMPLE 1 Graph: y = x? — 4x + 9. 
First, we must locate the vertex. To do so, we can use either of two 
approaches. One way is to complete the square: 
y = (x2 — 4x) +9 
= (x? - 4x +0) +9 Adding 0 
= (x2 -4x+4-4)+9 3(—-4) = —2; (-2)? = 4; 
substituting 4 — 4 for 0 
= (x? -— 4x +4) + (-4+9) — Regrouping 
= (x — 2)2 + 5. Factoring and simplifying 
The vertex is (2, 5). 
A second way to find the vertex is to recall that the x-coordinate of the 
vertex of the parabola given by y = ax? + bx + cis —b/(2a): 
b =a 
= =2 
2a—s-2(1) 


x= 


To find the y-coordinate of the vertex, we substitute 2 for x: 
1. Graph: y = x2 + 4x + 7. 


y=x2*-4x+9 = 24- 4(2)+9=5. 


Either way, the vertex is (2,5). Next, we calculate and plot some points on 
each side of the vertex. Since the x?-coefficient, 1, is positive, the graph 
opens up. 


y 
2 5 | Vertex ras 
0 9 |<— y-intercept 8 
: : 7 Answers 
a |e 6 (3, 6) 
4 9 5 Skill to Review: 
4\.... 2) 5) 1. (a) (~1, —3); (b) x = —1; (©) minimum: —3 
when x = —1; 
: : @) 
2)-y=x°—-4x+9 
1}. = (@— 2)? +5 
> 
5 -4-4-2-1 | 3 2 3 45 1 
j 
2. (a) (2,1); (b) x = 2; (c) maximum: 1 
GRAPHING y = ax? + bx+c ae 
To graph an equation of the type y = ax* + bx + c (see Section 7.6): meneee: 


iVertex: 


1. Find the vertex (h, k) either by completing the square to find an 
equivalent equation 


y=a(x-—h)? +k, 


or by using x = —b/(2a) for the x-coordinate and substituting to 


find the y-coordinate. : 
; . y 
2. Choose other values for x on each side of the vertex, and compute 


the corresponding y-values. 
3. The graph opens up for a > 0 and opens down for a < 0. 


Do Exercise 1. y=x*+4xn +7 


91. Parabolas and Circles 767 


2. Graph: x = y* + 4y + 7. 


Answer 


x=y*+4y+7 
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CHAPTER 9 


Conic Sections 


Equations of the form x = ay” + by + c represent horizontal parabolas. 
These parabolas open to the right for a > 0 and open to the left for a < 0 and 


have lines of symmetry parallel to the x-axis. 


! EXAMPLE 2 Graph: x = y* — 4y + 9. 


This equation is like that in Example 1 except that x and y are interchanged. 
That is, the equations are inverses of each other (see Section 8.2). The vertex 
is (5, 2) instead of (2, 5). To find ordered pairs, we choose values for yon each 
side of the vertex. Then we compute values for x. Note that the x- and y-values 
of the table in Example 1 are interchanged. The graph in Example 2 is the reflec- 
tion of the graph in Example 1 across the line y = x. You should confirm that, 
by completing the square, we get x = (y — 2)? + 5. 


2 
0 
1 
3 
4 


oOonnwu 


= 


<— Vertex 
<— x-intercept 


(1) Choose these values for y. 
(2) Compute these values for x. 


GRAPHING x = ay” + by+c 
To graph an equation of the type x = ay* + by + c: 


(9, 4) 


123 45 6 7 8 x 


x=y*—4y+9 


1. Find the vertex (h, k) either by completing the square to find an 
equivalent equation 


x=ay—k?*+h, 


or by using y = —b/(2a) for the y-coordinate and substituting to 
find the x-coordinate. 


2. Choose other values for y that are above and below the vertex, and 


compute the corresponding x-values. 


3. The graph opens to the right if a > 0 and opens to the left ifa < 0. 


Do Exercise 2. 


) EXAMPLE 3 Graph: x = —2y? + 10y — 7. 


We use the method of completing the square to find the vertex: 


x= 


—2y? + 10y-—7 
= —2(y? — 5y) — 7 
= —2(y? — By + 0)-7 
SSa yy = by Sa) =7 
= 2(y? 5y 2) + ( 2) ( = 
= =2(y? - 5y + 2) + 2-7 
= 2(y 3)? ui 


1 


The vertex is Gh, 3). 


Adding 0 
2(-8) = ~B(-3) = Fs 


substituting 3 — © for 0 


Using the distributive law 


Factoring and simplifying 


For practice, we also find the vertex by first computing its y-coordinate, 
—b/(2a), and then substituting to find the x-coordinate: 


b i 5 
2a «&(-2) 2 | i 
x= —2y? + loy — 7 = —2(3)? + 10(3) - 7 


_u 
=U. 


To find ordered pairs, we first choose values for y and then compute values 
for x. A table is shown below, together with the graph. The graph opens to the 
left because the y*-coefficient, —2, is negative. 


a 
va 
uh 3 |< Vertex (-7, 5) a6 
—7 0 |<— x-intercept — rai go 
= —2y*+10y—7 
5 2 x= ~2y" t+ lOy— 7, a5, 
5 3 2 272 
1 1 (5, 2) 
1 4 (—7, 0) (1, 1) " 
_7 5 a Oe 8 ely 123 45 67 8 x 
SS S 3. Graph: x = 4y? — 12y + 5. 


3 (1) Choose these 
values for y. 
(2) Compute these 


values for x. 


) 
| Do Exercise 3. 


:s Calculator Corner 


Graphing Parabolas as Inverses Suppose we want to use a 
graphing calculator to graph the equation 


x=y?-4y+9. (1) 
One way to do this is to note that this equation is the inverse of the equation 
y=x*-4x+ 9. (2) 


We enter y, = x* — 4x + 9. Next, we position the cursor over the equals sign and 
press Gig. This deselects that equation, so its graph will not appear in the window. 
Then we use the DRAWINV feature to graph equation (1). (See the Calculator Corner on 
p. 694 for the procedure.) Since y; has been deselected, only the graph of equation (1) 
will appear in the window. 


Exercises: Use the DRAWINV feature to graph each equation on a graphing calculator. 
lx=y?+4y+7 

2K 2? + Oy = 7 Answer 
3.x = 4y* — lay +5 3. 


XQ S 


x= 4y?—-12y +5 
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ThE. tan 


BUDGET YOUR TIME 


As the semester comes to a close 
and papers and projects are due, it 
becomes more critical than ever 
that you manage your time wisely. 
If you aren't already doing so, con- 
sider writing out an hour-by-hour 
schedule for each day and then 
abide by it as much as possible. 
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(b) The Distance Formula 


Suppose that two points are on a horizontal line, and thus have the same 
second coordinate. We can find the distance between them by subtracting 
their first coordinates. This difference may be negative, depending on the or- 
der in which we subtract. So, to make sure we get a positive number, we take 
the absolute value of this difference. The distance between two points ona 
horizontal line (xj, y;) and (x2, y;) is thus |x2 — x|. Similarly, the distance 
between two points on a vertical line (x2, y;) and (x2, y2) is |y2 — yi|. 


iy. 
(Xp, Vo) 
The distance between 
(4, y) and (2, yy) = |X — | : 

; A ‘ lye — nl 
| i 
i T 
(x) Y)) (XY) 

(x, yy) a 7 (X2, Y) 

X_ — Xy 
x 


Now consider any two points (x1, y,) and (x2, y2). If x, # x2 andy, # yo, 
these points are vertices of a right triangle, as shown. The other vertex is then 
(x2, yi). The lengths of the legs are |x2 — x | and |y2 — y|. We find d, the 
length of the hypotenuse, by using the Pythagorean equation: 


d? = |xp 


al? + [ye — yal? 


Since the square of a number is the same as the square of its opposite, we 
don’t need these absolute-value signs. Thus, 


d? = (x2 


me Yay 


Taking the principal square root, we obtain the formula for the distance 
between two points. 


THE DISTANCE FORMULA 


The distance between any two points (x1, y,) and (X9, y2) is given by 


d= V (x2 


x1)? + (y2 — yi). 


This formula holds even when the two points are on a vertical line ora 
horizontal line. 


| EXAMPLE 4 Find the distance between (4, —3) and (—5, 4). Give an exact 
answer and an approximation to three decimal places. 


We substitute into the distance formula: 
d= V(-5 — 4)2 + [4-(-3) Substituting 
= V(-9) + 7? 


= V130 © 11.402. Using a calculator 


Find the distance between each 
pair of points. Where appropriate, 
give an approximation to three 
decimal places. 


j 4. (2,6) and (—4, —2) 


| Do Exercises 4 and 5. 5. (—2, 1) and (4, 2) 


(c) Midpoints of Segments 


The distance formula can be used to derive a formula for finding the mid- 
point of a segment when the coordinates of the endpoints are known. 


THE MIDPOINT FORMULA 


If the endpoints of a segment are (x1, y1) and (x2, y2), then the 
coordinates of the midpoint are 


(= + X2 V1 72) ¥ 
2 " 2 . (Xa, Yo) 
Pd 
(To locate the midpoint, determine Mix, +% Wt 
the average of the x-coordinates ny ae ( a 8 
and the average of the 
y-coordinates.) x 


' EXAMPLE 5 Find the midpoint of the segment with endpoints (—2, 3) 
and (4, —6). 


Using the midpoint formula, we obtain 
Find the midpoint of the segment 


(= +4 3+ ) (3 >) ( >) with the given endpoints. 
, , or {-,——], or {1,-— ]. 
3 2 ) 6. (—3, 1) and (6, —7) 


| Do Exercises 6 and 7. 7. (10, —7) and (8, —3) 


Answers 


4.10 5. V37 6.083 6. 3 -3) 


7. (9, -5) 
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(d) Circles 


Another conic section, or curve, shown in the figure at the beginning of this 
section is a circle. A circle is defined as the set of all points in a plane that are 
a fixed distance from a point in that plane. 
VA Let’s find an equation for a circle. We call the center (h, k) and let 
the radius have length r. Suppose that (x, y) is any point on the circle. 


ay By the distance formula, we have 
ey Vix — hy? + (y— bP = 1. 
Squaring both sides gives an equation of the circle in standard form: 
Gy) (x— h)? + (y- kh? =r? (x — h)? + (y— kb)? = r?. 
z When h = 0 and k = 0, the circle is centered at the origin. Otherwise, 


we can think of that circle being translated |h| units horizontally and 
|k| units vertically from the origin. 


EQUATIONS OF CIRCLES 


A circle centered at the origin with radius r has equation 


x2 + y2 = 72, 
A circle with center (h, k) and radius r has equation 


(x — h)2 + (y—k)?=r?. — (Standard form) 


| EXAMPLE 6 Find the center and the radius and graph this circle: 
(x + 2)* + (y — 3)? = 16. 


First, we find an equivalent equation in standard form: 
[x - (-2)P + y- 3) = 42 
Gh, Find the caniorandliihonditect Thus the center is (—2, 3) and the radius is 4. We draw the graph, shown below, 


the circle by locating the center and then using a compass, setting its radius at 4, to draw 
| = the circle. 
5 \- T (y T 5) 2 @), 


(x 


Then graph the circle. y 


2 oa (x+ 2)? + (y—3)=16 


9. Find the center and the radius of 
the circle x2 + y* = 64. 


Wrswers Do Exercises 8 and 9. 


8. 9. (0,0);r=8 


=s|-Center: (5, -3) 
Radius: 3 
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! EXAMPLE 7 Write an equation of a circle with center (9,—5) and 
radius V2. 


We use standard form (x — h)* + (y — k)* = r* and substitute: 
esr ey er = (v2)? Substituting 
(x — 9)? + (y+ 5)? =2. Simplifying j 


10. Find an equation of a circle with 


Do Exercise 10. center (—3, 1) and radius 6. 


With certain equations not in standard form, we can complete the square 
to show that the equations are equations of circles. We proceed in much the 
same manner as we did in Section 7.6. 


' EXAMPLE 8 Find the center and the radius and graph this circle: 
x? + y? + 8x — 2y + 15 = 0. 
First, we regroup the terms and then complete the square twice, once 
with x2 + 8x and once with y? — 2y: 
eA yf + Ox = 2y + 15 = 0 
(x? + 8x) + (y2 — 2y)=—-15 — Regrouping and 
subtracting 15 
8x + 0) + (y? — 2y+0)=-15 = Addingo 
(x? + 8x+ 16-16) + (y?2-2y+1-1)=-15 (@)?=4? = 16; 
(F 2=1; 


substituting 16 — 16 
and 1 — 1 for0 


x2 + 8x + 16) + (y*- 2y+1)-16-—1=-15  Regrouping 
y y 
(x? + 8x + 16) + (y?- 2y+1)=-15+16+1 Adding 16 


i) 


and lon 
both sides 
(x + 4)? + (y- 1)? =2 Factoring and 
simplifying 
[x — (-4) + (y- 1)? =(v2}?. Writing standard 11. Find the center and the radius 
form of the circle 
Ds iL £5 = 
The center is (—4, 1) and the radius is V2. ee ae 
Then graph the circle. 
VA 
5 
x? + y? + 8x—-2y+15=0 4 
[x — (-4)]? + (y— 1)? = (V2)?--3 
(-4, 1) ; 
-6-5 =e al 1 a 
) 
| Do Exercise 11. Answers 


10. (x + 3)? + (y — 1)? = 36 
11. Center: (—1, 2); radius: V3; 


x? 4+ 2x+y?-4y+2=0 
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a Calculator Corner 


Graphing Circles Equations of circles are not functions, so they cannot be entered directly in "y =" form on a graphing 
calculator. Nevertheless, there are two methods for graphing circles. 

Suppose we want to graph the circle (x — 3) + (y + 1)? = 16. One way to graph this circle is to use the ciRCLE feature from the 
DRAW menu. The center of the circle is (3, —1) and its radius is 4. To graph it using the CIRCLE feature from the DRAW menu, we first press 
and clear all previously entered equations. Then we select a square window. We will use [ —3, 9, —5, 3]. We press Gy Ge) to go to 
the home screen and then Qi G~) @) to display “Circle(.” We enter the coordinates of the center and the radius, separating the entries 


by commas, and close the parentheses: @) pC) CG) Ep | Gp Gi. 


Circle(3, —1, 4) 


When the Graph screen is displayed, we can use the CLRDRAW operation from the DRAW menu to clear this circle before we graph 
another circle. To do this, we press GE) Gea) CG) GD. 

Another way to graph a circle is to solve the equation for y first. Consider the equation above: 

(x — 3)2 + (y + 1)? = 16 
(y + 1)? = 16 — (x - 3)? 
y+1=+V16 - (x - 3) 
y=-1l+ V16 - (x - 3)4 

Now we can write two functions, y, = —1 + V16 — (x — 3)? and yo= -1- V16—- (x a, When we graph these functions in 


the same window, we have the graph of the circle. The first equation produces the top half of the circle and the second produces the lower 
half. The graphing calculator does not connect the two parts of the graph because of approximations made near the endpoints of each 
graph. 


y, =-14+Vo= 3, 
y,=-1-Vie~ a3) 


Plot1 Plot2 Plot3 
\Y¥1 B -14+¥V (16-(X-3)2) 
\Y —3}Jo414 fe 9 


“5 ys 
Exercises: Graph each circle using both methods above. 

iam iP + (y+ 2? =4 2. (x + 2)? + (y — 2)2 = 25 
3.x? +y?- 16 =0 4, 4x2 + 4y? = 100 


5. x2 + y*-— 10x -11=0 
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; For Extra Help 
Exercise Set MyMathLaby “oe 8. 


READ REVIEW 


(a) Graph each equation. 


Les" 2x=y" Bx=y*?+4yt+1 4.y=x* — 2x43 
VA VA YA 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > > 
~5-4-3-2-1,| 1.23.45 % ~$7473-2-1)/.12.3.4.5 5% wor4Atsr2r1ly|d2. 3.4.5.0 x 
2 iQ =2 
43 +3 43 
4 L4 -4 
5 L5 =o 
5. y= —x? + 4x —5 6.x = 4- 3y- y? = —3y* — 6y = 1 8 y = —5 — 8x — 2x? 
-y x x eee y-y 7X 3y 6y ~y 5 = 8% x 
Jy VA YA VA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 i] 1 1 
> 
~5-4-3-2-1,[ 12345 % —5-4-3-2-1,[ 123.45 9% -5-4-3-2-1,| 12345 % -5-4-3-2-1,/ 12345 % 
+2 +2 +2 -2 
+3 43 -3 -3 
-4 “4 “4 -4 
55 “5 $5 -5 


(b) Find the distance between each pair of points. Where appropriate, give an approximation to three decimal places. 


9. (6, —4) and (2, —7) 10. (1, 2) and (—4, 14) 11. (0, —4) and (5, —6) 
12. (8,3) and (8, —3) 13. (9,9) and (—9, —9) 14. (2, 22) and (—8, 1) 
15. (2.8, —3.5) and (—4.3, —3.5) 16. (6.1, 2) and (5.6, —4.4) 17 (2 ~) ana (2 i) 

. (2.8, —3. 3,—3: . (6.1, .6, —4. Aer 7 is 
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18. (0, V7) and ( V6, 0) 19. (—23, 10) and (56, —17) 


21. (a, b) and (0, 0) 22. (0,0) and (p, q) 


24. (V8, V3) and (—V5, - V6) 25. (1000, —240) and (—2000, 580) 


(Cc J Find the midpoint of the segment with the given endpoints. 


27. (-1,9) and (4, 2) 28. (5, 10) and (2, —4) 


30. (7, -3) and (4, 11) 31. (—10, —13) and (8, —4) 


33. (—3.4, 8.1) and (2.9, -8.7) 34, (4.1, 6.9) and (5.2, -6.9) 


37. (v2, -1) and (v3, 4) 
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20. (34, —18) and (—46, —38) 


23, (V2, -V3) and (--V7, V5) 


26. (—3000, 560) and (—430, —640) 


29. (3,5) and (—3, 6) 


32. (6, —2) and (—5, 12) 


38. (9, 2V3) and (—4, 5V3) 
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(d) Find the center and the radius of each circle. Then graph the circle. 


39. (x + 1)* + (y + 3)? =4 40. (x — 2)? + (y+ 3)? =1 4l. (x — 3)* + y* =2 
y YA y 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> 
574737271) 12345 x 2574737271) 12.3 45 x ra a a oo | 12345 x 
—2 2 2 
=3 -3 =3 
-4 -4 -4 
=5 0) =5 
42. x2 + (y- 1)? =3 43. x2 + y* = 25 44,x2+ y2=9 
YA YA y 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > 
574737271) I 2: 73: 4 5 *. 574737271) 12345 x Tor4c37271y 123 45 x 
—2 —2 =2 
+3 —3 =—3 
-4 —4 —4 
—5 —5 =5 


Find an equation of the circle having the given center and radius. 
45. Center (0, 0), radius 7 46. Center (0, 0), radius 4 


47. Center (—5, 3), radius V7 48. Center (4, 1), radius 3V/2 


Find the center and the radius of each circle. 
49. x2 + y* + 8x — By - 15 =0 50. x? + y* + 6x — 4y-— 15=0 51. x? + y* — 8x + 2y+ 13 =0 


52. x2 + y*+ 6x + 4y+ 12=0 53. x2 + y* - 4x =0 54. x2 + y* + l0y-— 75 =0 
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Skill Maintenance 


Solve. [3.2a], [3.3a] 


55.x-y=7, 56.x + y = 8, 
x+y=l1l1 x-y=-24 

Factor. [4.6b] 

60. 4a? — b? 61. x2 — 16 

Synthesis 


Find an equation of a circle satisfying the given conditions. 


65. Center (0, 0), passing through (1/4, V31/4) 
67. Center (—3, —2), and tangent to the y-axis 


Find the distance between the given points. 
69. (—1, 3k) and (6, 2k) 


71. (6m, —7n) and (—2m, n) 


57. y = 3x — 2, 
2x — 4y = 50 


62. a” — 9b? 


58. 2x + 3y = 8, 
%= 2y = =3 


59. —4x + 1l2y = —9, 
x= 3y = 2 


63. 64p? — 81q2 64. 400c2d? — 225 


66. Center (—4, 1), passing through (2, —5) 


68. The endpoints of a diameter are (7, 3) and (—1, —3). 


70. (a, b) and (—a, —b) 


72. (-3V3, 1 — V6) and (3,1 + V6) 


If the sides of a triangle have lengths a, b, and cand a* + b* = c?, then the triangle is a right triangle. Determine whether the 


given points are vertices of a right triangle. 
73. (—8, —5), (6, 1), and (—4, 5) 


75. Find the midpoint of the segment with the endpoints 
(2 - V3,5V2) and (2 + V3,3V2). 


77. Snowboarding. Each side edge of a snowboard is an arc 
of a circle. The snowboard shown below has a “running 


length” of 1150 mm and a “sidecut depth” of 19.5 mm. 


Center = (0, 2) 


a) Using the coordinates shown, locate the center of the 


circle. (Hint: Equate distances.) 
b) What radius is used for the edge of the board? 
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74. (9,6), (—1, 2), and (1, -3) 


76. Find the point on the y-axis that is equidistant from 


(2, 10) and (6, 2). 


78. Doorway Construction. Ace Carpentry is to cut an arch 


for the top of an entranceway. The arch needs to be 8 ft 
wide and 2 ft high. To draw the arch, the carpenters will 
use a stretched string with chalk attached at an end as a 
compass. 


a) Using a coordinate system, locate the center of 
the circle. 

b) What radius should the carpenters use to draw 
the arch? 
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(a) Ellipses 


When a cone is cut at an angle, as shown below, the conic section formed is 


an ellipse. 


AN ELLIPSE IN 
THREE DIMENSIONS 


ene 


AN ELLIPSE IN A PLANE 


Circle / 


Ellipse 


S 


We can draw an ellipse by securing two tacks in a piece of cardboard, 
tying a string around them, placing a pencil as shown, and drawing with the 
string kept taut. The formal mathematical definition is related to this method 
of drawing. 

An ellipse is defined as the set of all points in a plane such that the sum 
of the distances from two fixed points F; and F> (called the foci; singular, 
focus) is constant. In the preceding drawing, the tacks are at the foci. Ellipses 
have equations as follows. 


EQUATION OF AN ELLIPSE 


An ellipse with its center at the origin has equation 
2 


x2 oy 


+ —= 
az pb? 


1, ab>0, a#b. (Standard form) 


We can almost think of a circle as a special kind of ellipse. A circle is 
formed when a = band the cutting plane is perpendicular to the axis of the 
cone. It is also formed when the foci, F, and Fy, are the same point. An ellipse 
with its foci close together is very nearly a circle. 

When graphing ellipses, it helps to first find the intercepts. If we replace 
x with 0 in the standard form of the equation, we can find the y-intercepts: 


02 y? 
vai 
b? 
yo = pF 
y= xb. 


SKILL TO REVIEW 
Objective 2.5a: Graph linear 
equations using intercepts. 


Find the intercepts and then 
graph the line. 
lx-y=-3 

2. f(x) = -2x- 4 


STUDY TIPS 


FINAL STUDY TIP 


You are arriving at the end of your 
course in Intermediate Algebra. If 
you have not begun to prepare for 
the final examination, be sure to 
read the comments in the Study 
Tips on pp. 636, 735, and 745. 


Answers 


Skill to Review 
1. x-intercept: (—3, 0); y-intercept: (0, 3); 
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Graph each ellipse. 


Answers 


1. 
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Thus the y-intercepts are (0, b) and (0, —b). Similarly, the x-intercepts are 
(a, 0) and (—a, 0). Ifa > b, the ellipse is horizontal and (—a, 0) and (a, 0) are 
vertices (singular, vertex). If a < b, the ellipse is vertical and (0, —b) and 
(0, b) are the vertices. 


Jy. Jy. 
Matte 0, b) 
(0, b) 
(—a, 0) (a, 0) (—a, 0) (a, 0) 
x x 
Vertex Vertex 
(0, —b) 
Vertex ~ |, -B) 
a>b a<b 


Plotting these points and filling in an oval-shaped curve, we get a graph 
of the ellipse. Ifa more precise graph is desired, we can plot more points. 


INTERCEPTS AND VERTICES OF AN ELLIPSE 


For the ellipse 
2 2 
a b2 


the x-intercepts are (—a, 0) and (a, 0), and the y-intercepts are (0, —b) 
and (0, b). Ifa > b, then (—a, 0) and (a, 0) are the vertices. Ifa < b, 
then (0, —b) and (0, b) are the vertices. 


2 y2 
| EXAMPLE 1 Graph: a + ms =o): 
Note that 
42 y2 x2 y2 
4 T 9 92 T 32" a= a b =3 


Thus the x-intercepts are (—2, 0) and (2, 0), and the y-intercepts are (0, —3) 
and (0, 3). The vertices are (0, —3) and (0, 3). We plot these points and connect 
them with an oval-shaped curve. To be accurate, we might find some other 
points on the curve. We let x = 1 and solve for y: 


2 y? 
—+—=] 
4 9 
1 x) 
—+-—)= 1 
36( 7 5 36 
36 a er 
4 9 
9 + 4y” = 36 
Ay* = 27 
27 
2 2 
yn" 
2 6 we 
y= 7 


Thus, (1, 2.6) and (1, —2.6) can also be plotted and used to draw the graph. 
Similarly, the points (—1, —2.6) and (—1, 2.6) can also be computed and 
plotted. 


| Do Exercises 1 and 2 on the preceding page. 


EXAMPLE 2 Graph: 4x” + 25y* = 100. 


To write the equation in standard form, we multiply both sides by itu: 


3. Graph: 16x? + 9y? = 144, 


1 1 Multiplying by {4 to get 1 on 
Ax2 + 25y2) = 1 plying DY 799 £0 & 
oy agg) thesige aide 
1 1 
Ax?) 4 25y*) = 1 
100 4*") * 799 (25¥") ee 
a. Simplifying 
[45 =] 
25 4 
2 2 : 
~+5eu fneh=s 4. Graph: ; 
a 2 (x +2)? (y-3) ‘ 
The x-intercepts are (—5, 0) and (5, 0), and the y-intercepts are (0, —2) and 16 9 , 


(0, 2). The vertices are (—5, 0) and (5, 0). We plot the intercepts and connect 
them with an oval-shaped curve. Other points can also be computed and 
plotted. 


VA 
7 vy 
a| 4x7 + 25y? = 100 
(0, 2) 
Vertex: Vertex: 
(—5, 0) , 0) 
> 
-6 6 a 
| (0, 2) 
—4 
—5 ) 
Do Exercise 3. 16x? + 9y? = 144 
4. 
y 


2 _ a)2 
(w+ 2)" Y= 3)" _ 


16 9 
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Calculator Corner 


Graphing Ellipses ina 
Calculator Corner on p. 774, we graphed a 
circle by first solving the equation of the 
circle for y. We can graph an ellipse in 
the same way. Consider the ellipse in 
Example 2: 


4x2 + 25y2 = 100 


25y* = 100 — 4x2 
> _ 100 — 4x? 
y = OO 
25 
_ , /00= Ax? 
es a 
Now we enter 
_ /o- 4 
Y 25 


_ _ [100 — 4x? 
a 


and graph these equations in a square 
window. 


100 — 4x? 
VN 25 ’ Y2 


{100 — 4x? 
25 
. 


yi 


ea eee 


Vo 


-6 


Exercises: Graph each ellipse. 
2 2 
x y 
1, += 1 
9 4 
2. 16x* + 9y* = 144 


4 IP te 


4 9 
x + 2)? — 3)2 
Pe. ey as 
16 9 
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Horizontal and vertical translations, similar to those used in Chapter 7, 
can be used to graph ellipses that are not centered at the origin. 


STANDARD FORM OF AN ELLIPSE 


The standard form of a horizontal or vertical ellipse centered 
at (h, k) is 


(x= hy (yk? _, : (h, k +b) 
a CO 
(h-(a, 0 Ye +a,k) 
The vertices are (h + a, k) and 
(h — a,k) ifhorizontal; (h, k + b) ha 
and (h, k — b) if vertical. | x 


(x-1? (+5)? i 


! EXAMPLE 3. Graph: 


4 9 
Note that 
weal? Gs Gai? 


_(y +5)" 
4 9 22 , 


T 32 


Thus, a = 2 and b = 3. To determine the center of the ellipse, (h, k), note that 


(x- 2 (y +5)? (@-? , (y= (-5))? 
92 32 ~ 92 32 


Thus the center is (1,—5). We locate (1,—5) and then plot (1 + 2, —-5), 
(1 — 2,-5),(1,-5 + 3), and (1,—-5 — 3). These are the points (3, —5), 
(-1, -5), (1, —2), and (1, —8). The vertices are (1, —8) and (1, —2). 


VA 
2 ae 2 
(= 1? | +5)? _, 
1 4 9 
—4-3-2-1- 123 4 5 6 x 


(1, —2): vertex 


(-1, —5) (3, —5) 


(1, —8): vertex 


Note that this ellipse is the same as the ellipse in Example 1 but translated 
1 unit to the right and 5 units down. 


Do Exercise 4 on the preceding page. 


Ellipses have many applications. The orbits of planets and some comets 
around the sun are ellipses. The sun is located at one focus. Whispering gal- 
leries are also ellipses. A person standing at one focus will be able to hear the 
whisper of a person standing at the other focus. One example of a whispering 
gallery is found in the rotunda of the Capitol building in Washington, D.C. 


Planetary orbit 


Whispering gallery 


A medical instrument, the lithotripter, uses shock waves originating at 
one focus to crush a kidney stone located at the other focus. 


Kidney Source 
stone of shock 
waves 


7 


thotripter 


Wind-driven forest fires can be roughly approximated as the union of 
“half”-ellipses. Shown below is an illustration of such a forest fire. The smaller 
half-ellipse on the left moves into the wind, and the elongated half-ellipse on 
the right moves out in the direction of the wind. The wind tends to spread the 
fire to the right, but part of the fire will still spread into the wind. 


Wind direction 


SOURCE: “Predicting Wind-Driven Wild Land Fire Size and Shape,” Hal Anderson, Research Paper INT-305, U.S. 
Department of Agriculture, Forest Service, February 1983. 


9.2 Ellipses 


783 


For Extra Help ; a 
: P 
| Mathé xp x 7 an + 
MyMathLab PRACTICE WATCH DOWNLOAD ee REVIEW 


ne ae 2 2 2 2 
rae ar an, 5. 4x2 + 9y? = 36 6. 9x2 + dy? = 36 
: (Hint: Divide by 36.) 
7. x2 + 4y2=4 8. 9x2 + 16y? = 144 9. 2x2 + 3y? =6 


1yf1.2.3.4.5.. icbrac8c2cL 


2) 
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> 
12345 :x 


12345 °% 


> 
12345 :x 


11. 12x? + 5y* — 120 = 0 


12345 


12345 


17. 12(x 


1)? + 3(y + 2)? = 48 


12345 


12. 3x2 + 7y? — 63 = 0 

i 
ze) 
4 
3 
2 
1 

> 

wor4c3r251y 12.3.4 5 x 
=2 
=3 
-4 
5 

(x+1)? | (y+ 2) 
15; =1 
16 25 

y 
5 
4 
3 
2 
il 

sors sc2c1y 12.3.4 5 x 
=2 
-3 
—4 
=). 


18. 4(x — 2)* + 9(y + 2)* = 36 


> 
12345 :% 
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VA VA 
5 5 
4 4 
3 3 
2 2 
1 1 

> > 

—5-4-3-2-1,[ 12345 0% ~5-4-3-2-1,| 123.45. Xx 
42 +2 
+3 -3 
“4 -4 
£5 -5 


Skill Maintenance 


Solve. Give exact solutions. [7.2a] 
21. 3x2 — 2x + 7=0 22. 3x2 — 12x + 7=0 23.x7+x+2=0 24. x2 + 2x = 10 


Solve. Give both exact and approximate solutions to the nearest tenth. [7.2a] 


25. x2 + 2x -17=0 26. x* — 2x = 10 27. 3x2 - 12x+7= 28. 2x7 + 3x -4=0 
10 — x2 + 5x 

Convert to a logarithmic equation. [8.3b] Convert to an exponential equation. [8.3b] 

29. a! =b 30. 8¢ = 17 31. In24 = 3.1781 32. p = loge W 

Synthesis 

Find an equation of an ellipse that contains the following points. 

33. (—7, 0), (7, 0), (0, —5), and (0, 5) 34. (—2,-1), (6, —1), (2, —4), and (2, 2) 

35. Theatrical Lighting. The spotlight on a pair of ice skaters 36. Complete the square as needed and find an equivalent 
casts an ellipse of light on the floor below them that is 6 ft equation in standard form: 
wide and 10 ft long. Find an equation of that ellipse if the x2 — 4x + 4y2 + By -8=0. 


performers are in its center, x is the distance from the 
performers to the side of the ellipse, and y is the distance 
from the performers to the top of the ellipse. 
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Mid-Chapter Review 


Concept Reinforcement 


Determine whether each statement is true or false. 
1. The graph of y — x? = 5isaparabola opening up. [9.1a] 


2 2 
2. The graph of io ote = = 1 is an ellipse with its center at the origin. [9.2a] 


(=r. aa 
3. The graph of 10 3 = 1 is an ellipse with its center 


not at the origin [9.2a] 


4. The graph of (x — 1)* + (y — 4)* = 16 isa circle with its center 
at (—1,—4). [9.1d] 


Guided Solutions 
Fill in each blank with the number or expression that creates a correct solution. 
5. For the points (—6, 2) and (4, —1): 


a) Find the distance between the points. [9.1b] 
b) Find the midpoint of the segment with the given endpoints. [9.1c] 


We let (x1, V1) = (—6, 2) and (x2, y2) = (4, -1). 

a) d= V(x2 — x1)? + (y2 - ni)? 
= V( ex 2 = Vi)? + (D’ 
- VO+O= Vox 


b) (Ao nee). (eee )-(ES)-a 


6. Find the center and the radius of the circle 
24 y* — 20x + 4y+79=0. [9.1d] 


x 


Center: ({_], [_]); radius: 


Mixed Review 


Find the distance between each pair of points. Where appropriate, give an approximation to three decimal places. [9.1b] 
@n(5,—-6) and (279) 8. (2.3, 8) and (—8, 4.2) 9. (0, V6) and (— V5, 0) 


Find the midpoint of the segment with the given endpoints. [9.1c] 


10. (11,3) and (8, 12) U1. (-2.2) and (3) 12. (7.2, -4.6) and (10.2, —3.2) 


Mid-Chapter Review: Chapter 9 787 


Find the center and the radius of each circle. [9.1d] 
13547 4 y7 = 121 14, (x — 13)* + (y + 9)? = 109 


15. x2 + (y-5)*=14 16. x? + y* + 6x — 14y + 42 =0 


Find an equation of the circle having the given center and radius. [9.1d] 


1 
17. Center (0, 0), radius 1 18. Center (- 3 >), radius - 


19. Center (—8, 6), radius V17 20. Center (3, —5), radius 2V/5 


Graph. [9.1al], [9.1d], [9.2a] 


2 2 
x 

Ae 22,.y=x2+2x-1 23. (x -1)%+(y+2)?=9 24.x=y2-2 
VA VA YA VA 
5 5 1.5 | 5 5, 
4 La or All 4 7 
3 oe B 3 3 as 
2 2 Pelee 2 oe 
1 el 1p a Paes ol 

i ie a eee See ee 


Understanding Through Discussion and Writing 


29. IAM How coulda graphing calculator be used to graph 30. Is the center of a circle part of the circle? Why or 
an equation of the form x = ay? + by +c? [9.1al why not? [9.1d] 
31. An eccentric person builds a pool table in the shape of 32. lmea Wind-Driven Forest Fires. 


an ellipse with a hole at one focus and a tiny dot at the a) Graph the wind-driven fire formed as the union of 
other. Guests are amazed at how many bank shots the the following two curves: 


owner of the pool table makes. Explain how this can 2 2 2 

happen. [9.2a] fee eg ee 

1O3= 487 3.62 4.82 

b) What other factors do you think affect the shape of 
forest fires? [9.2a] 


2 


1, x0. 
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(a) Hyperbolas 


A hyperbola looks like a pair of parabolas, but the actual shapes are different. 
A hyperbola has two vertices and the line through the vertices is known as an a 
axis. The point halfway between the vertices is called the center. 


Center 4 vertices 


7K 


Parabola Hyperbola in Hyperbola in a plane 
three dimensions 


EQUATIONS OF HYPERBOLAS 


Hyperbolas with their centers at the origin have equations as follows: 
2 
—=5=1 — (Axis horizontal) 
b 


(Axis vertical) 


To graph a hyperbola, it helps to begin by graphing two lines called 
asymptotes. Although the asymptotes themselves are not part of the graph, 
they serve as guidelines for an accurate sketch. 


ASYMPTOTES OF A HYPERBOLA 


For hyperbolas with equations as given above, the asymptotes are 
the lines 


as and as 
ya y a” 


9.3 Hyperbolas 789 


Answer 


790 


CHAPTER 9 


Conic Sections 


b 
A aoa 


yoo * 


Axis horizontal Axis vertical 

As a hyperbola gets further away from the origin, it gets closer and closer 
to its asymptotes. The larger |x| gets, the closer the graph gets to an asymp- 
tote. The asymptotes act to “constrain” the graph of a hyperbola. On the other 
hand, parabolas are not constrained by any asymptotes. 

The next thing to do after sketching asymptotes is to plot vertices. Then it 
is easy to sketch the curve. 


x2 y? 
EXAMPLE 1. Graph: x 6 1. 
Note that 
2 2 2 2 
: y . y Identifying a and b 


4 9 22 32? 


so a = 2and b = 3. The asymptotes are thus 


_ 3 a oe 3 
y=5x and y= —>x. 
We sketch them, as shown in the graph on the left below. 

For horizontal or vertical hyperbolas centered at the origin, the vertices 
also serve as intercepts. Since this hyperbola is horizontal, we replace y with 
0 and solve for x. We see that x*/2” = 1 when x = +2. The intercepts are 
(2,0) and (—2, 0). You can check that no y-intercepts exist. The vertices are 
(—2, 0) and (2, 0). 

Finally, we plot the intercepts and sketch the graph. Through each 
intercept, we draw a smooth curve that approaches the asymptotes closely, 
as shown. 


y VA 
> een) a3 t ees 
\V=—2% 6 =X / Y=-2%6 

\ 7 if \ 5 
\ i J 4 
\ / 
espe intercept ‘ 
\ ntercepts \ 
Nod 7 P Ned 
/ \ 
(230 7 S7% fs 0) 5 
- \|7 \ 
1» ¥ o— > 
-6-5-4-3-2-1//\1 2 3 45 6 x 1,7 
Pofon t 
Z \ Z 
yA EN 4-2 
a: ‘\ ¥ 
Fc=3 \ -3 
/ \ 
4 4 \ 4 
7 \ 
4 —5 N —5 
7 \ 
7 = XN = 
7 6 \ $ 
4 N 
Asymptotes 


Do Exercise 1. 


y? x2 


EXAMPLE 2 Graph: — - —=1 
y raph: 25 - | 
Note that 
5 ‘ The intercept distance is found in 
NZ oY - 1 the term without the minus sign. 
36 4 62 22 / Here there is a y in this term, so 
uN the intercepts are on the y-axis. 
The asymptotes are thus y = 8x andy = — Sx, ory = 3xandy = —3x. 


The numbers 6 and 2 can be used to sketch a rectangle that helps with 
graphing. Using +2 as x-coordinates and +6 as y-coordinates, we form all 
possible ordered pairs: (2, 6), (2, —6), (—2, 6), and (—2, —6). We plot these 
pairs and lightly sketch a rectangle through them. The asymptotes pass 
through the corners (see the figure on the left below). Since the hyperbola is 
vertical, we plot its y-intercepts, (0,6) and (0, —6). The vertices are (0, —6) 
and (0, 6). Finally, we draw curves through the intercepts toward the asymp- 
totes, as shown below. 


y 
\ 7 \ 7 
/ \ / 
y=—3x \ : I y= 3x y=—3x \ 1 y=3x 
\ 8 I! \ n 
\ / 
\ ie t 
V2) 27 
iN A '— (0, 6): vertex 
I 5 I 
1\ fa 
ie ny: 
$B pvad ! ss : 
\ / 
frond pe} Wo ny 
I \ / ! 36 4 
I 1 I 
| ; > > 
-6-5-4-3 lant 1 345 6 x -6-5-4-3 345 6 x 
1 if|\i 4 
poe 2 Wong 
fee oe ee 
1; , I 
bp cd 
Vins i 
i \ iV _—\ 0, —6): vertex 
/ \ 
1 27 : \ 
/ \ 
7 —8 \ 
/ \ 
i “3 \ 
/ \ 


7 


Do Exercise 2. 


Although we will not consider these equations here, hyperbolas with 
center at (h, k) are given by 
(x—h)?  (y— k)? (y— k)?  (x— h)? 


1 or = 1. 
a? b2 b2 a2 


Hyperbolas have many applications. A jet breaking the sound barrier 
creates a sonic boom with a wave front the shape of a cone. The intersection 
of the cone with the ground is one branch of a hyperbola. Some comets travel 
in hyperbolic orbits, and a cross section of certain lenses may be hyperbolic 
in shape. 


Answers 
2. (a) (b) 


9.3. Hyperbolas 791 


(b) Hyperbolas (Nonstandard Form) 


The equations for hyperbolas just examined are the standard ones, but there 
are other hyperbolas. We consider some of them. 


Hyperbolas having the x- and y-axes as asymptotes have equations 
as follows: 


xy = c, wherec is anonzero constant. 
! EXAMPLE 3 Graph: xy = —8. 
We first solve for y: 
8 
y=- re, Dividing by x on both sides. Note that x # 0. 
Next, we find some solutions, keeping the results in a table. Note that x cannot 


be 0 and that for large values of |x|, y will be close to 0. Thus the x- and y-axes 
serve as asymptotes. We plot the points and draw the hyperbola. 


Al 


2 | -4 PA) Aarith 
=) 4 4 
4 =2 2 
-4 2 > 
3. Graph: xy = 8. 1 38 Se OC ee | cee x 
—1 8 ae 
B) <1 . 
=8 1 
a re 
p 
Do Exercise 3. 
Calculator Corner 
Graphing Hyperbolas _ Graphing hyperbolas is similar to graphing 
circles and ellipses. First, we solve the equation of the hyperbola for y and then graph 
the two resulting functions. Consider the hyperbola 7 
2 ya ae hc olisal 
x y 
ag y= — 3 Ve" 25) 
: Vi 8 
Solving for y, we get 
n= eV" — 2 and —12 ee feo Blondes 
ig jl 
=e xX& — 25. y -8 
ae Now, we graph these equations in a square viewing window. 
: y 
8 Exercises: Graph each hyperbola. 
gies oP, 27. 
7 16 ~=60 20 64 
F 3. 16x* — 3y* = 48 4. 45x? — 9y? = 405 
xy =8 \ J 
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Visualizing 
for Success 


Match each equation with its graph. 


1. 4y* + x? = 16 


. y* — 4x” = 16 
- 4x — Sy = 20 


x2 + y? + 2x-6y+6=0 


Answers on page A-37 


i For Extra Help — 
cms Exercise Set MyMathLab |) 20" F 2. eo 
(a) Graph each hyperbola. 


8.4? —y? =4 9.x2=1+ y? 
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10. 9y? = 36 + 4x? 11. 25x? — 16y? = 400 12. 4y* — 9x2 = 36 
y y. YA 
5 5 5 
4 4 4 
3 3 3 
2 2 2 
1 1 1 
> > 
-5-4-3-2-1,[ 1 2.3 4 5 -5-4-3-2-1,[ 12345  % -5-4-3-2-1,[ 123.45 % 
+2 12 +2 
+3 -3 -3 
“4 -4 “4 
-5 +5 +5 
(b) Graph each hyperbola. 
13. xy = —-4 14. xy = 6 15. xy = 3 16. xy = -9 
y YA aN YA 
5 5 5 5 
4 4 4 4 
in 3 3 3 
2 2 2 2 
1 1 1 1 
-5-4-3-2-1,/.12345  % -5-4-3-2-1,[ 12345  % -5-4-3-2-1,| 123 4 5 % -5-4-3-2-1,| 12345  % 
=2 +2 £2 2 
-3 -3 23 -3 
-4 +4 -4 -4 
=5 +5 45 -5 
1 3 
17. xy = -2 18. xy = -1 19. xy = 2 20. xy = 4 
Jy VA BA YA 
5 5 5 5 
4 4 4 4 
3 3 3 3 
2 2 2 2 
1 1 1 1 
> > 
-5—-4-3-2-1,[ 12345 % -5-4-3-2-1,[ 12345 > % -5-4-3-2-1,[ 12345  % —5—-4-3-2-1,[ 12345 % 
=2 +2 +2 -2 
-3 +3 +3 -3 
4 +4 4 +4 
=5 +5 +5 +5 
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Skill Maintenance 


In each of Exercises 21-28, fill in the blank with the correct term from the given list. Some of the choices may not be used. 


21. The expression b? — 4ac in the quadratic formula is called the horizontal line 
[74a] vertical line 
. natural 
22. The x-coordinate of the of a parabola, 
y = ax? + bx + c,is—b/(2a). [7.6al Common 
half-life 
23. A graph represents a function if it is impossible to draw a(n) doubling time 
that intersects the graph more than once. Hace 
[2.2d] 
exponent 
24. Base-10 logarithms are called logarithms. vertex 
[8.3d] discriminant 
relation 
25. The logarithm of a number is a(n) . [8.3a] ‘pancion 
26. If itis possible for a(n) _______—_—srto intersect the graph ofa 


function more than once, then the function is not one-to-one and 
therefore its inverse is nota function. [8.2b] 


27. A(n) is a correspondence between a first set, 
called the domain, and a second set, called the range, such that 
each member of the domain corresponds to exactly one member 
ofitsrange. [2.2a] 


28. The is the amount of time necessary for half of a 
quantity to decay. [8.7b] 


Synthesis 


(s-2)? (2)? 
16 9 


29. AS Use a graphing calculator to check your answers 30. Graph: 
to Exercises 1, 8, 12, and 20. 


Classify the graph of each of the following equations as a circle, an ellipse, a parabola, or a hyperbola. 


31. x2 + y* — 10x + 8y — 40 =0 32. y + 1 = 2x? 
33. 1 — 3y = 2y2- x 34, 9x? — 4y” — 36x + 24y — 36 =0 
x2 y? 

35. 4x2 + 25y” — 8x — 100y +4 =0 36. += 1 

2 2) = = 2 
37. x° + y* =8 a aoe 

3 2 

coe aka 40. y+ 6x =x*4+5 
Al. 3x2 + 5y? + x2 = y2 + 49 42, 56x* — 17y? = 234 — 13x? — 38y? 
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All the systems of equations we studied in Chapter 3 were linear. We now con- 
sider systems of two equations in two variables in which at least one equation 
is nonlinear. 


(a) Algebraic Solutions 


We first consider systems of one first-degree equation and one second-degree 
equation. For example, the graphs may be a circle and a line. If so, there are 
three possibilities for solutions. 


For L), there is no point of intersection of the line and the circle, hence no 
solution of the system in the set of real numbers. For L2, there is one point of 
intersection, hence one real-number solution. For L3, there are two points of 
intersection, hence two real-number solutions. 

These systems can be solved graphically by finding the points of inter- 
section. In solving algebraically, we use the substitution method. 


EXAMPLE 1 Solve this system: 


x? +y2=25, (1) (The graphisacircle.) 
3x — 4y = 0. (2) (The graph is a line.) 


We first solve the linear equation (2) for x: 
x=3y 3) 
We then substitute 4 y for x in equation (1) and solve for y: 


(Sy)? + y? = 25 
ay? + y* = 25 


ay? = 25 
y>=9 
y= +3. 


Now we substitute these numbers for y in equation (3) and solve for x: 


x=3(3)=4 x= 3(-3) ==4. 


SKILL TO REVIEW 
Objective 3.2a: Solve systems of 
equations in two variables by the 
substitution method. 


Solve each system by the substitu- 


tion method. 
1. 3x — 4y = 8, 
x-3y=1 
2.x=3- 5y, 
2x + y= —-6 


Answers 
Skill to Review: 


9.4 Nonlinear Systems of Equations 797 


Solve. Sketch the graphs to confirm 
the solutions. 


1. x2 + y” = 25, 
Yo ee 1 


3. Solve: 
y + 3x =1, 
x? — 2xy = 5. 


Answers 
1 
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Check: For (4, 3): 
x2 + y* = 25 38x — 4y = 0 
42 + 32 2 25 3(4) — 4(3) 2.0 
16+ 9 12-12 
25 TRUE 0 TRUE 
For (—4, —3): 
x? + y* = 25 3x — 4y = 0 
(—4)* + (—3)? 2 25 3(—4) — 4(-3) ? 0 
16+ 9 —12 + 12 
25 TRUE 0 TRUE 


The pairs (4, 3) and (—4, —3) check, so they are solutions. We can see the 
solutions in the graph. The graph of equation (1) is a circle, and the graph of 


equation (2) is a line. The graphs intersect at the points (4, 3) and (—4, —3). 


x 


x? +y?=25 


(—4, —3) 


Do Exercises 1 and 2. 


| EXAMPLE 2 Solve this system: 


yt+3= 2x, (1) 
x? + 2xy=-1. (2) 


We first solve the linear equation (1) for y: 
y= 2x - 3. (3) 


We then substitute 2x — 3 for yin equation (2) and solve for x: 


x? + 2x(2x — 3) =-1 

x2 + 4x2 —- 6x = -1 

5x2 —-6x+1=0 

(5x — 1)(x- 1) =0 
5x-1=0 or x-1=0 


Factoring 


Using the principle of 
zero products 


x= : or x=1, 
Now we substitute these numbers for x in equation (3) and solve for y: 
y=2(4)-3=-8; y=2(1)-3=-1. 


The check is left to the student. The pairs (s - 3 and (1, —1) are solutions. 


Do Exercise 3. J 


Conic Sections 


' EXAMPLE 3 Solve this system: 
x+y=5, (The graph is a line.) Calculator Corner 


y=3- x. (The graphis a parabola.) Solving Nonlinear 


We substitute 3 — x* for y in the first equation: Systems of Equations 


x+3-x2= Exercises: 


—-y2+7%-2=0 1. Use the INTERSECT feature to 
solve the systems of equations 


2—x+2=0. Multiplying by -1 
* * ie ei in Examples 1 and 2. REemem- 


To solve this equation, we need the quadratic formula: ber that each equation must be 
“ie 4) bp? — dae (-1) + V(-1)? — 4(1) (2) solved for y before it is entered 
x= — Fa - (1) in the calculator. 


2. Use the INTERSECT feature t 
if Vr—8. 1ey-7. 1... Az, ee aula 
= = = i. solve the systems of equations 


7 7 2 2 in Margin Exercises 2 and 3. 


Then solving the first equation for y, we obtain y = 5 — x. Substituting values . / 
for x gives us 


and 


The solutions are 


(4+i2 <i) 
eee Ma ee ee 


and 


i, i 
2 2 2 2 


(3 V7.9 vt )) 


There are no real-number solutions. 
Note in the figure at right that the 
graphs do not intersect. Getting only 
nonreal complex-number solutions tells 
us that the graphs do not intersect. ) ft, Salkaee 


9x2 — Ay? = 36, 


Do Exercise 4. 5x + 2y = 0. 


Two second-degree equations can have common solutions in various 
ways. If the graphs happen to be a circle and a hyperbola, for example, there 
are six possibilities, as shown below. 


y y J. 


4 real solutions 3 real solutions 2 real solutions 


y, y y 
> 
x x x Answer 
(ice) 
2 real solutions 1 real solution 0 real solutions i a a P No a? 
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To solve systems of two second-degree equations, we can use either the 
substitution method or the elimination method. The elimination method is 
generally used when each equation is of the form Ax? + By? = C. Then we 
can eliminate an x?- or a y?-term in a manner similar to the procedure that 
we used for systems of linear equations in Chapter 3. 


| EXAMPLE 4 Solve: 
24? + Sy? = 22, 1) 
3x2 — y? = -1, (2) 
In this case, we use the elimination method: 


2x2 + 5y* = 22 


15x* — 5y* = —-5 Multiplying by 5 on both sides of equation (2) 
7 = 17 Adding 
yo = 1 
x= 1. 
Ifx = 1,x* = 1, andif x = —1,x? = 1, so substituting either 1 or —1 for xin 
equation (2) gives us 
3x2 — y* = -1 
3-1-—y?=-1 Substituting 1 for x? 
3-y2=-1 
-y2=-4 
y>=4 
y= £2. 


Thus if x = l,y = 2 or y = —2, yielding the pairs (1,2) and (1, —2). If 
x ly =2ory 2, yielding the pairs (—1, 2) and (—1, —2). 


Check: Since (2)* = 4, (—2)? = 4, (1)* = 1, and (—1)* = 1, we can check 
all four pairs at one time. 


2x? + 5y? = 22 ty ad 
2(41)2 + 5(+2)? ? 22 3(41)* — (+2)? 2? -1 
2 + 20 3-4 
22 TRUE -1 TRUE 
5. Solve: The solutions are (1, 2), (1, —2), (-1, 2), and (—1, —2). p 
De OE iG 


5y* + 2x2 = 53. Do Exercise 5. 


When one equation contains a product of variables and the other equa- 
tion is of the form Ax2 + By? = C, we often solve for one of the variables in 
the equation with the product and then substitute in the other. 

' EXAMPLE 5 Solve: 
x? + 4y?=20, () 
xy = 4. (2) 


Here we use the substitution method. First, we solve equation (2) for y: 


aa 


Answer 
5. (2,3), (2, -3), (—2, 3), (—2, -3) 
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Then we substitute 4/x for y in equation (1) and solve for x: 


A 2 
x2 4 4(*) = 20 
x 


x? + = = 20 
x4 + 64 = 20x? Multiplying by x? 
x4 — 20x? + 64 = Obtaining standard form. This 
equation is quadratic in form. 
u* — 20u + 64 =0 Letting u = x? 
(u — 16)(u— 4) =0 Factoring 
u=16 or u=4. Using the principle of zero products 


Next, we substitute x for u and solve these equations: 
°=16 of #7 =4 
x=+4 or x=+2. 


Then x = 4 or x = —4 or x = 2 or x = —2. Since y = 4/x, ifx =4,y = 1; if 
x=—4,y=—1; if x = 2,y = 2; and if x = —2,y = —2. The ordered pairs 
(4, 1), (-4, -1), (2, 2), and (—2, —2) check. They are the solutions. ) 


6. Solve: 
x2 +4 26) 4F Va = 19, 


Do Exercise 6. xy = 6. 
(b) Solving Applied Problems 


We now consider applications in which the translation is to a system of 
equations in which at least one equation is nonlinear. 


| EXAMPLE 6 Architecture. Fora building at a community college, an ar- 
chitect wants to lay out a rectangular piece of ground that has a perimeter 
of 204 m and an area of 2565 m2. Find the dimensions of the piece of ground. 


1. Familiarize. We make a drawing of the area, labeling it using / for the 
length and w for the width. 


s & * r ‘. 7 . ¥ vas i 1 
Perimeter = 2] + 2w | 
= l = 204 


2. Translate. We then have the following translation: 


Perimeter: 2] + 2w = 204; 
Area: lw = 2565. 


3. Solve. We solve the system 
21+ 2w = 204, (The graph is a line.) 
lw = 2565. (The graph is a hyperbola.) 


Answer 
6. (3,2), (-3, -2), (2, 3), (—2, -3) 
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We solve the second equation for / and get / = 2565/w. Then we substi- 
tute 2565/w for Jin the first equation and solve for w: 


2 
2( = | + 2w = 204 
W 


2(2565) + 2w* = 204w = Multiplying by w 


2w — 204w + 2(2565) = 0 Standard form 
w? — 102w + 2565 = 0 Dividing by 2 
2 aie 
7. The perimeter of a rectangular w= C= vi we) aie 
mural is 34 m, and the length ofa 2-1 
diagonal of the mural is 13 m. Quadratic formula. Factoring could also 
Find the dimensions of the mural. be used, but the numbers are quite large. 
is 102+ V144 +102 4+ 12 
- 2 “3 


w=57 or w= 4d. 


If w= 57, then | = 2565/w = 2565/57 = 45. If w= 45, then /= 
2565/w = 2565/45 = 57. Since length is generally considered to be 
greater than width, we have the solution / = 57 and w = 45, or (57, 45). 

4. Check. If / = 57 and w = 45, the perimeter is 2 - 57 + 2 - 45, or 204. 
The area is 57 - 45, or 2565. The numbers check. 


5. State. The length is 57 m and the width is 45 m. ) 
Do Exercise 7. | 


' EXAMPLE 7 HDTV Dimensions. The ratio of the width to the height of 
the screen of an HDTV (high-definition television) is 16 to 9. Suppose a large- 
screen HDTV has a 70-in. diagonal screen. Find the height and the width of 
the screen. 


1. Familiarize. We first 
make a drawing and label 
it. Note that there is a right 
triangle in the figure. We 
let h = the height and 
w = the width. 

2. Translate. Next, we 
translate to a system of 
equations: 


h2 + w? = 702, or 4900, ~— (1) 


h 9° 
8. HDTVDimensions. The ratio 3. Solve. We solve the system and get (h, w) ~ (34, 61) and (—34, —61). 
of the width to the height of the 4. Check. Widths cannot be negative, so we need check only (34, 61). 
screen of an HDTV is 16 to 9. In the right triangle, 342 + 61? = 1156 + 3721 = 4877 ~ 4900 = 702. 
Suppose an HDTV screen has a Also, o a is, 
oil Cag Onal Serer, “NEC 5. State. The height is about 34 in., and the width is about 61 in ) 
width and the height of the : 6 : 


Een: 5 
Pee Do Exercise 8. 


Answers 


7.12mby5m __ 8. Width: about 40 in.; 
height: about 22.5 in. 


802 CHAPTER 9 Conic Sections 


1. x2 + y? = 100, 
y-x=2 


3. 9x2 + 4y? = 36, 4. 4x2 + 9y? = 36, 
3x + 2y=6 3y + 2x = 6 


5. y*=x4+3, 6. y = x4, 7. x2 — xy + 3y* = 27, 8. 2y2 + xy + x2 = 7, 
2y=x+4 3x =y+2 x-y=2 x-2y=5 

9. x2 — xy + 3y? =5, 10. a2 + 3b? = 10, ll. a+ b=-6, 12. 2y2 + xy = 5, 
x-y=2 a-b=2 ab = —7 4y+x=7 

13. 2a+ b=1, 14, 4x2 + 9y? = 36, 15. x2 + y2 =5, 16. 4x2 + 9y* = 36, 
b=4-a? x+ 3y=3 x-y=8 y-x=8 
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4x2 + y2=4 
YA 
5 
4 
3 
—5-4-3-2 2345 
3 
=4 
—5 
21. x2 + y* = 20, 22. x2 + y* =5, 23. x2 + y* = 13, 24. x2 + y2 + 6y+5=0, 
xy = 8 xy =2 xy =6 x2 + y* —-2x-8=0 
25. 2xy + 3y? = 7, 26. xy — y? = 2, 27. 4a* — 25b? = 0, 
3xy — 2y? =4 2xy — 3y? = 2a* — 10b* = 3b+ 4 
28. m? — 3mn + n*+1=0, 29. ab — b? = —4, 30. a? + b? = 14, 
3m2 — mn + 3n2 = 13 ab — 2b* = -6 ab = 3V/5 
31. x? + y* = 25, 32. x2 + y? =1, 
9x* + 4y? = 36 9x? — 16y? = 144 
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(b) Solve. 


33. Hibachi Cooking Surface. The area of an hibachi 
rectangular cooking surface in a Japanese restaurant 
is 8 ft*, and the length of a diagonal of the surface is 
2V5 ft. Find the dimensions of the cooking surface. 


34. 


Dimensions ofa Van. The cargo area of a delivery truck 
must be 108 ft?, and the length of a diagonal of the truck 
must accommodate a roll of carpet that is 15 ft wide. 
Find the dimensions of the cargo area. 


35. A rectangle has an area of 14 in and a perimeter of 
18 in. Find its dimensions. 


37. The diagonal of a rectangle is 1 ft longer than the length 


of the rectangle and 3 ft longer than twice the width. 
Find the dimensions of the rectangle. 


39. Garden Design. A garden contains two square peanut 


beds. Find the length of each bed if the sum of their 
areas is 832 ft? and the difference of their areas is 
320 ft?. 


41. The area ofa rectangle is V2 m?, and the length of a 
diagonal is V3 m. Find the dimensions. 


36. 


40. 


42 


A rectangle has an area of 40 yd? and a perimeter of 
26 yd. Find its dimensions. 


. It will take 210 yd of fencing to enclose a rectangular 


field. The area of the field is 2250 yd?. What are the 
dimensions of the field? 


HDTV Screens. The ratio of the length to the height of 
an HDTV screen (see Example 7) is 16 to 9. The Remton 
Lounge has an HDTV screen with a 42-in. diagonal 
screen. Find the dimensions of the screen. 


The area of a rectangle is V3 m2, and the length of a 
diagonal is 2 m. Find the dimensions. 
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43. 


Computer Screens. The ratio of the length to the height 44. Investments. Atalocal bank, an amount of money 

of the screen on a computer monitor is 4 to 3. A laptop invested for 1 year at a certain interest rate yielded 

has a 31-cm diagonal screen. Find the dimensions of the $225 in interest. The bank officer said that if $750 more 

screen. had been invested and the rate had been 1% less, the 
interest would have been the same. Find the principal 


and the rate. 


Skill Maintenance 


Find a formula for the inverse of each function, ifit exists. [8.2c], [8.3a], [8.5a] 


3 eS 2 3x + 8 
45. = 2x - fs = ‘ = . = 
5. f(x) x-—5 46. f(x) a 47. f(x) ea 48. f(x) bead 
49. f(x) = |x| 50. f(x) = 4 — x? 51. f(x) = 10* 52. f(x) = e* 
53. f(x) = x3 - 4 54. f(x) = Wx +2 55. f(x) = Inx 56. f(x) = logx 
Synthesis 
57. mwa Use a graphing calculator to check your answers 58. Find the equation of an ellipse centered at the origin 
to Exercises 1, 8, and 12. that passes through the points (2, —3) and (1, Vv 13). 
59. A piece of wire 100 cm long is to be cut into two pieces 60. Find the equation of a circle that passes through 
and those pieces are each to be bent to make a square. (—2, 3) and (—4, 1) and whose center is on the line 
The area of one square is to be 144 cm? greater than 5x + By = -2. 


61. 


that of the other. How should the wire be cut? 


Railing Sales. Fireside Castings finds that the total revenue R from the sale of x units of railing is given by the function 
R(x) = 100x + x?. 

Fireside also finds that the total cost C of producing x units of the same product is given by the function 
C(x) = 80x + 1500. 


A break-even point is a value of x for which total revenue is the same as total cost; that is, R(x) = C(x). How many units 
must be sold to break even? 


Solve. 

62. p? + q? = 13, 6.atb=2, 
1 1 
aa foes 
Pq boa 6 


806 CHAPTER 9 Conic Sections 


Copyright © 2011 Pearson Education, Inc. 


9 Summary and Review 


A 

Key Terms, Properties, and Formulas 
parabola, p. 766 standard form, pp. 772, 782 x-intercept, p. 780 
distance formula, p. 770 ellipse, p. 779 y-intercept, p. 780 
midpoint formula, p. 771 focus (plural: foci), p. 779 hyperbola, p. 789 
circle, p. 772 vertex (plural: vertices), p. 780 asymptote, p. 789 
Circle: (x — h)* + (y — k)* = r?, centered at (h, k), with radius r Distance Formula: 
je 2 Oe, ee d= V(x2— m1)? + (2 - 1)? 

ipse: ” pe , centered at (h,k),a,b >0,a# Midpoint Formula: 

2 2 
= + v = 1, centered at (0,0),a,b > 0,a # b (a + x2 Ni + Ye “2) 
a b 2 ° 2 

Parabola: 
y=ax* + bx+c,a>0 y=ax* + bx+c,a<0 

= a(x — h)* + k, opens up; = a(x — h)* + k, opens down; 
x = ay*+ by+ca>0 x=ay*+by+oa<0 

= aly — k)* + h, opens to the right; = a(y — k)* + h, opens to the left 
Hyperbola: 
eT ye 
a Be = 1, axis is horizontal; > ~~ = 1, axis is vertical; xy = c,c # 0, x- and y-axes as asymptotes 
a a 


Concept Reinforcement 
Determine whether each statement is true or false. 


1. The graph of x — 2y* = 3 isa parabola opening to the left. [9.1a] 


2. Asystem of equations that represent a parabola and a circle can have up to 
four real solutions. [9.4a] 


2 
3. The graph of a = D = lisa hyperbola with a vertical axis. [9.3a] 
Important Concepts 
Objective 9.1a Graph parabolas. 
Example Graph: y = —x? — 2x + 5. | Practice Exercise 


y (x2 + 2x+0) +5 
(x2 + 2x+(1-1))+5 


1. Graph: y = —x* — 4x - 1. 


= —(x? + 2x +1) +(-1)(-1) +5 i 
= -(x? + 2x4+1)+14+5 2 
= —(x + 1)? + 6,or—-[x — (-1)]* +6 
The vertex is (—1, 6). Next, we y= x? - 2x45 3 
plot some points on each prieiobss 


side of the vertex. 


x 
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a 


Objective 9.1b Use the distance formula to find the distance between two points 
whose coordinates are known. 


Example Find the distance between (2, —5) and (—3, 4). Practice Exercise 

Give an exact answer and an approximation to three 2. Find the distance between (—2, 10) and (—1, 7). 

decimal places. Give an exact answer and an approximation to three 
Let (x1, y1) = (2, —5) and (x2, y2) = (—3, 4). Then decimal places. 


d= V(x2 — x1)? + (y2 — 1)? 
V(=3 — 2)2 + [4 — (—5) 2 = V(—5)2 + 92 
= V25 + 81 = V106 ~ 10.296. 


Objective 9.1c Use the midpoint formula to find the midpoint of a segment when 
the coordinates of its endpoints are known. 


Example Find the midpoint of the segment with end- Practice Exercise 
points (15, —6) and (—3, —20). 3. Find the midpoint of the segment with endpoints 
Let (x1, y,) = (15, —6) and (x2, y2) = (—3, -20). Then (17, —14) and (—9, —2). 
(= + x2 yy + v2) (= + (=3) =6.+ —) 
2” 2 2 : 2 


The midpoint is (6, —13). 


Objective 9.1d Given an equation ofa circle, find its center and radius and graph it. Given the center 
and the radius of a circle, write an equation of the circle and graph the circle. 


Example Find the center and the radius of this circle. Practice Exercises 
Then graph the circle. 4. Find the center and the radius of this circle. Then 
(x + 1)? + (y- 3) =9 graph the circle. 
We first write the equation in standard form: (f= 2)? = {y 


Pa (-DP se y=sPa8 
The center is (—1, 3) and the radius is 3. 


(x+ 1)? + (y-3)2=9 


Example Find an equation of the circle having the given 5. Find an equation of the circle having the given center 
center and radius: and radius: 
Center: (—6, 0); radius: V5. Center: (0,3); radius: 6. 
(x — h)* + (y—k)? =r? — Standard form 
[B= (8) + = OP = (va 
(x+ 6)? + y?2=5 
XN 
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a 
Objective 9.2a Graph the standard form of the equation of an ellipse. 


Example Graph: 25x* + 9y? = 225. Practice Exercise 


i 1 6. Graph: 25x? + 4y* = 100. 
pet + ay) = 202022 P y 
a Ve 
9 25 
x2 oy? 
sSta=l 25x? + Oy” = 225 
35 


The x-intercepts are (—3, 0) and (3, 0), and the y-intercepts 
are (0, —5) and (0, 5). The vertices are (0, —5) and (0, 5). 
We plot the intercepts and connect them with an oval- 
shaped curve. 


Objective 9.3a Graph the standard form of the equation of a hyperbola. 


x2 oy? Practice Exercise 
Example Graph: ae ie 1. ae 
x2 y2 x2? 7. Graph: 3 oe 1. 


‘ =1b=2 
i «2 p gt * 
The asymptotes are y = 2x and y = —2x. We sketch them. 

Since the hyperbola is horizontal, the vertices are the 
x-intercepts. We replace y with 0 and solve for x: fs 


xe 02 24 eee 12345 x 
1 4 fl 

x2 =1 

x= 1. 


The x-intercepts are (—1, 0) and (1, 0). 
There are no y-intercepts. We plot the 
intercepts and sketch the graph. 


Objective 9.4a Solve systems of equations in which at least one equation is nonlinear. 


2 2 s 7 
Example Solve: xe x Ve es L Practice Exercise 
4 16 8. Solve: 
2x+y=4. x2 oy? 7 
We solve the linear equation fory: y = —2x + 4.We 36 bs 4 1, 
then substitute —2x + 4 for yin the other equation and solve a 


for x after we clear fractions: 
4x* + y*=16 — Clearing fractions 
Ax? + (—2x + 4)* = 16 
4x* + (4x2 — 16x + 16) = 16 
8x7 — 16x + 16 = 16 


8x? — 16x = 0 
8x(x — 2) =0 

8x =0 or x-2=0 
x=0 or x= 2. 


Next, we substitute these numbers for x in 2x + y = 4, or 
y = —2x + 4, and solve for y: 


y=-2:04+4=4 y=-2:2+4=0. 
The pairs (0, 4) and (2, 0) check and are the solutions. 


Ne 
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Review Exercises 


Find the distance between each pair of points. Where 


appropriate, give an approximation to three decimal places. 


[9.1b] 
1. (2, 6) and (6, 6) 


2. (—1, 1) and (—5, 4) 
3. (1.4, 3.6) and (4.7, —5.3) 


4. (2, 3a) and (—1, a) 


Find the midpoint of the segment with the given endpoints. 


[9.1c] 
5. (1, 6) and (7, 6) 


6. (—1, 1) and (—5, 4) 
7. (1, v3) and G, -V2) 
8. (2, 3a) and (—1, a) 


Find the center and the radius of each circle. [9.1d] 
9. (x + 2)? + (y-3)* =2 


10. (x — 5)* + y? = 49 


11. x? + y? — 6x — 2y+1=0 


12. x7 + y? + 8x — By - 10 =0 


13. Find an equation of the circle with center (—4, 3) 
and radius 4V3. [9.1d] 


14. Find an equation of the circle with center (7, —2) and 
radius 2V/5. [9.1d] 


Graph. 
2 2 
x Jy 
15.—+—=1 2 
is A 23 
YA 
5 
4 
3 
2 
1 


> 
=p=4=3=2=1. 12345 x 


2 2 
16. 2—-*~=1 [9324] 
9 
YA 
5 
4 
3. 
2 
1 
— 
~$-4-3-2-1)].1.2.3.4.5 5 x 
+2 
+3. 
+4 
+5 
17. x2 + y2=16 (9.1d] 
YA 
5 
4 
3 
2 
1 
> 
wor4r322r)y 12345 x 
+2 
+3 
+4 
+5 
18. x = y2+2y-—2 [9.lal 
YA 
5 
4 
3 
2 
1 
~$-4-3-2-1)).1.2.3.4.5 x 
+2 
+3 
+4 
+5 
19. y = —2x2 - 2x +3 [9.lal 
YA 
5 
4 
3 
2 
1 
> 
--5-4-3-2-1,] 123.45 x 
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20. x2 + y2 + 2x-4y-4=0 [9.1d] 
VA 
5 
4 
03 
2 
ol 
-§-4-3-2-1,| 12.3 4 5 
Lo 
-3 
“4 
-5 
(x— 3)? (y+ 4)? 
21. 1 [9.2a 
9 4 [9.2a] 
VA 
5 
4 
3 
2 
ol 
-§-4-3-2-1,[ 12345 x 
Lg 
-3 
4 
5 
22. xy =9 [9.3b] 
VA 
5 
4 
3 
2 
ol 
-§-4-3-2-1,[ 12345 x 
2 
-3 
4 
5 
23.x+y%=2y+1 [9.lal 
YA 
5 
4 
3 
2 
1 
-5-4-3-2-1,| 1 23.4.5 x 
2 
£3. 
4 
5 


2 2 
ayy 
24,.—-—=1 19. 
‘elaae [9.3a] 
YA 
5 
4 
3 
2 
1 
—5-4-3-2-1)] 1.2.3.4 5 % 
+2 
+3 
+4 
+5. 
Solve. [9.4a] 
25. x2 — y* = 33, 26. x2 — 2x + 2y? = 8, 
x+y=l1l1 2x+y=6 
27. x2 —y = 3, 28. x2 + y? = 25, 
a2x-y=3 sya 7 
29. x* — y* = 3, 30. x? + y? = 18, 
y=x?-3 axty= 
31. x2 + y* = 100, 32. x? + 2y? = 12, 
2x? — By? = =120 xy = 


Solve. [9.4b] 


33. Carton Dimensions. One type of carton used by a 
manufacturer of stationery products exactly fits both 
a notecard of area 12 in? and a pen of length 5 in., 
laid diagonally on top of the notecards. What are 
the dimensions of the carton? 
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34. Flower Beds. The sum of the areas of two circular 
flower beds is 1307 ft. The difference of the circum- 
ferences is 1677 ft. Find the radius of each flower bed. 


35. Find two positive integers whose sum is 12 and the 
sum of whose reciprocals is 3. 


36. Vegetable Garden. A rectangular vegetable garden 
has a perimeter of 38 m and an area of 84 m2. What are 
the dimensions of the field? 


37. From the selections below, choose a graphical repre- 
sentation of the solution set of the system of equations 


ik 
= 2 
=—x°+]1, 
y 2 


2x — 3y = —6. [9.4a] 


38. Find the center and the radius of the circle 
2 2 


x“ + y* + 6x — 1l6y + 66=0. [9.1d] 
A. Center: (—3, 8); radius: 7 
B. Center: (—6, —8); radius: V7 
C. Center: (6, —8); radius: 7 
D. Center: (—3, 8); radius: V7 
Synthesis 
39. Solve: 
4x* — x — 3y2 =9, 


—x*+x+y2=2. [9.4al 


40. Find an equation of the circle that passes through 
(—2, —4), (5, -5), and (6,2). [9.1d] 


41. Find an equation of the ellipse with the intercepts 
(—7, 0), (7,0), (0, —3), and (0,3). [9.2a] 


42. Find the point on the x-axis that is equidistant from 
(-3, 4) and (5,6). [9.1b] 


Classify each graph as a circle, an ellipse, a parabola, or a 
hyperbola. 


43. -y + 4x*=5- 2x [9.lal 


44. xy = —6 [9.3b] 


45.— + —=1 [9.1d] 


46. 43 — 12x2 + y* = 21x? + 2y2 = [9.2a] 


47. 3x2 + 3y2 = 170 [9.1d] 


x2 oy? 
“2 


48. — =1 (9. 
8 [9.3a] 


Understanding Through Discussion and Writing 


1. We have studied techniques for solving systems of 
equations in this chapter. How do the equations differ 
from those systems that we studied earlier in the text? 
[9.4a] 


2. Consider the standard equations of a circle, a 
parabola, an ellipse, and a hyperbola. Which, if any, 
are functions? Explain. [9.1a], [9.2a], [9.3a] 


3. How does the graph of a hyperbola differ from the 
graph ofa parabola? [9.1al, [9.3a] 


4. If, in 


a = b, what are the asymptotes of the graph? Explain. 


[9.3a] 


812 CHAPTER 9 Conic Sections 


Copyright © 2011 Pearson Education, Inc. 


CHAPTER 


For Extra Help 
Test a Ta st Pr Step-by-step test solutions are found on the Chapter Test Prep Videos available via the Video Resources 
Oo) TESCEVEP on vo, in MymathLab\§_, and on You) (search “BittingerinterAlgPB” and click on “Channels’). 


Find the distance between each pair of points. Where appropriate, give an approximation to three decimal places. 
1. (—6, 2) and (6, 8) 22, (8, =@) aul (=8, @) 


Find the midpoint of the segment with the given endpoints. 
3. (—6, 2) and (6, 8) 4. (3, —a) and (—3, a) 


Find the center and the radius of each circle. 


5. (x + 2)2 + (y — 3)? = 64 6. x2 + y2 + 4x - 6y +4=0 


7. Find an equation of the circle with center (—2, —5) and radius 3 V2. 


Graph. 
2 2 
ae 
8 y=x2-4x-1 9. x2 + y?2 = 36 10. - 2 =1 
VA VA VA 
5 Bos 5 
a7 4 4 
3) 3 3 
sll 2 2 
=| 1 zal 
pee |e 8 a8 : oe ee ee % eee % 
+2 : : : eo 2 
+3 23 +3 
=4 -4 -4 
+5 ao) 2-15) 
(ot 2)e (v3) 
ae ae 12. x2 + y2- 4x + 6y+4=0 13. 9x2 + y? = 36 
YA VA af 
ey 15, 5 
4 4 4 
3 3 3 
2 2 2 
1 feels il 
— = — > > 
mua teteee ee es oe eee 28 8 mae eT eee ert a oe 
: bal : Lol : _al : 
+3 all £3 
+4 +4 +4 
+5 =5}- +5 
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14. xy = 4 
oy, 
5 
a 
3 
2 
i 
2S lies 2s % 
=2 
=3 
-4 
=5 
Solve. 
x2 y? 
Gl LS 
16 g) 
3x + 4y = 12 
18. Home Office. Arectangular home office has a diagonal 


20. 


aoe 


of 20 ft and a perimeter of 56 ft. What are the dimensions 
of the office? 


A rectangle with a diagonal of length 5V5 yd has an area 
of 22 yd’. Find the dimensions of the rectangle. 


From the selections below, choose a graphical representa- 
tion of the solution set of the system of equations 


Synthesis 


23. 


Find an equation of the ellipse passing through (6, 0) 
and (6, 6) with vertices at (1, 3) and (11, 3). 


25. The sum of two numbers is 36, and the product is 4. Find 


the sum of the reciprocals of the numbers. 
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15. x = —y? + 4y 


= eon 


I> ee ae WV = 1G. 


19. 


7ANG 


x2 oy? , 
16 9 
Investments. Peggyann invested a certain amount of 


money for 1 year and earned $72 in interest. Sally Jean 
invested $240 more than Peggyann at an interest rate 
that was 2 of the rate given to Peggyann, but she earned 
the same amount of interest. Find the principal and the 
interest rate of Peggyann’s investment. 


Water Fountains. The sum of the areas of two square 
water fountains is 8 m2, and the difference of their areas 
is 2 m2. Find the length of a side of each square. 


24. Find the points whose distance from (8, 0) is 10. 


26. Find the point on the y-axis that is equidistant from 


(Sa) =) eral (= 7), 
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ah o) & Chea 7 < alll 


5. x* — 13x2 + 36 =0 


6 
bse === 7 
5 


9. x(x + 10) = —21 


11. 7* = 30 


13. logs x = 2 


15. logox + logo (x + 7) =3 


Cumulative Review 


2p 


x| > 6.4 


4. 3x+y=4, 
== VS =e 


6. 2x2 =x+3 


Ch Woe ae by ae Il 


0), Oe? pt 1 = 


14. x2-1=0 


18, x2 + 2) = 7, 
rk Pak 
soy) 1 
ie a 


= 3 s2@LOe— 15h war & 


2 (M + 2N), for N 


20 eee 
® 4 


Solve. 

21. World Demand for Lumber. The world is experiencing 
an exponential demand for lumber. The amount of 
timber N, in billions of cubic feet, consumed f years 
after 2000, can be approximated by 

N(t) = 65(1.018)!, 
where ¢ = 0 corresponds to 2000. 


Sources: U. N. Food and Agricultural Organization; American Forest and 
Paper Association 


a) How much timber is projected to be consumed in 
2012? in 2015? 

b) What is the doubling time? 

c) Graph the function. 
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22. Interest Compounded Annually. Suppose that $50,000 Sl, (GH 
is invested at 4% interest, compounded annually. 


a) Find a function A for the amount in the account 
after t years. 

b) Find the amount of money in the account at t = 0, 
f= 4, r= 8, ancl? = iO, 


c) Graph the function. 32. (2 — iv2)(5 + 3iv2) 
Simplify. ee 
23, (2x + 3) (x? — 2x = 1) 33-5 a 


24, (3x2 + x3 — 1) — (2x3 + x +5) 


34. Food and Drink Sales. Total sales S of food and 
beverages in U.S. restaurants, in billions of dollars, 
can be modeled by the function 

S(t) = 18¢ + 344.7, 
where tis the number of years since 2000. 
a) Find the total sales of food and drink in U.S. 
restaurants in 2005, in 2008, and in 2010. 
b) Graph the function. 
c) Find the y-intercept. 
d) Find the slope. 
26. x 2 2x e) Find the rate of change. 


2m2+11lm-6 m*-—m+1 


25s 
m+ 1 m+6 


746 


Total sales (in billions) 


Years since 2000 


28. (x4 + 3x3 —x + 4) + (x + 1) 


35. Find an equation of the line containing the points 
(1, 4) and (—1, 0). 


29. 


36. Find an equation of the line containing the point 
(1, 2) and perpendicular to the line whose equation 
Ie = P= Si, 
30. 4/50 — 3V18 
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Graph. 


37. 4y — 3x = 12 skh P< =2 
y YH 
5. 5 
4 4 
3 03 
2 2, 
Ball 1 
= 
=G=1=9-9=i, ioe 28 2 igen aE ee gay ey x 
£29) +2 
+3 =3 
i4 +4 
45 a=) 
2 2: 
x 
19) ed 40. x2 + y? = 2.25 
g) 25 
VA VA 
i) 5 
4 4 
3 8 
2) 2 
1 1 
S243 2-LLI23 245.282 S32 12345. & 
=) = 
=3 =5) 
4 aus 
Ear 8) 
2 2: 
x y 
41 oe ap iV = (0). ene a 
jf 4), 
y=-1 
ay ZN 
5 i) 
4 4 
3 3) 
2 2) 
1. 1 
—5-4-3-2-1,[ 123.45 2% (28-4-3-2-1)|1.2.3.4.5. 3% 
9) =2, 
i3 =§ 
ig —4 
L5 =) 


43. (x — 1) + (y+1)?=9 44, f(x) = 2x2 - 8x +9 
y VA 
5 5 
4 4 
13 3 
2 2 
es] 1 
= ee ee a ee 
i2, a 
+3 +3 
4 +4 
+5. +5 
OG}, se = BS 46.x=y*%4+1 
YA VA 
5 5 
4 4 
3 3 
2 2 
1 1. 
> 
Sa Seal i 2 3 ah x ree oe i 2s} ab x 
=9) +2 
6 28) 
“4 +4 
—5 +5 
47. f(x) =e~* 48. f(x) = logox 
VA YA 
5 5 
4 4 
enh 3 
2 2 
1 1 
> 
Om ne el 123 45 ae wer 4c3c2c1hy 12 34 
229) 29) 
£3. 3) 
L4. i4 
L5. a 
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Factor. 


49. 


51. 


53. 


55. 


57. 


58. 


59. 


60. 


Dee = NOx? 4b se = & 50. 3a2 — 12ab — 135b2 


52. 81m‘ — n4 


x2 — 17x + 72 


54. 8la> — 24 


16x2 — 16x + 4 


56. 6x3 + 27x? — 15x 


10x? + 66x — 28 


Find the center and the radius of the circle 
2_— 16x + y? + Gy + 68 = 0. 


x 


Find f~!(x) when f(x) = 2x — 3. 


z varies directly as x and inversely as the cube of y, and 
z= 5when x = 4andy = 2. What is z when x = 10 
and y = 52 


Given the function f described by f(x) = x? — 2, find 
f(-2). 
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61. 


62. 


63. 


64. 


65. 


Find the distance between the points (2, 1) and (8, 9). 


Find the midpoint of the segment with endpoints 
(-1, —3) and (3, 0). 


ap AWG! 
Rationalize the denominator: oa 
3-— Va 
Alye— 83 
Find the domain: f(x) = —>——. 
Px) 3x2 +x 


Given that f(x) = 3x* + x, find a such that f(a) = 2. 


Solve. 


66. 


67. 


Book Club. Abook club offers two types of 
membership. Limited members pay a fee of $20 per year 
and can buy books for $20 each. Preferred members pay 
$40 per year and can buy books for $15 each. For what 
numbers of annual book purchases would it be less 
expensive to be a preferred member? 


Train Travel. A passenger train travels at twice the 
speed of a freight train. The freight train leaves a station 
at 2 A.M. and travels north at 34 mph. The passenger 
train leaves the station at 11 A.M, traveling north ona 
parallel track. How far from the station will the 
passenger train overtake the freight train? 
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68. Perimeters of Polygons. 


69. Ammonia Solutions. 


70. 


71 


72. 


73 


A pentagon with all five sides 
the same size has a perimeter equal to that of an 
octagon in which all eight sides are the same size. One 
side of the pentagon is 2 less than three times one side 
of the octagon. What is the perimeter of each figure? 


A chemist has two solutions 
of ammonia and water. Solution A is 6% ammonia 
and solution B is 2% ammonia. How many liters of 
each solution are needed in order to obtain 80 L ofa 
solution that is 3.2% ammonia? 


Air Travel. An airplane can fly 190 mi with the wind 
in the same time that it takes to fly 160 mi against the 
wind. The speed of the wind is 30 mph. How fast can 
the plane fly in still air? 


Work. Christy can do a certain job in 21 min. 
Madeline can do the same job in 14 min. How long 
would it take to do the job if the two worked together? 


Centripetal Force. The centripetal force F of an 
object moving in a circle varies directly as the square 
of the velocity v and inversely as the radius r of the 
circle. If F = 8 when v = 1 andr = 10, whatis F 
when v = 2 andr = 16? 


Rectangle Dimensions. The perimeter of a rectangle 
is 34 ft. The length of a diagonal is 13 ft. Find the 
dimensions of the rectangle. 


74. Dimensions of a Rug. The diagonal ofa Persian rug is 
25 ft. The area of the rug is 300 ft”. Find the length and 
the width of the rug. 


75. Maximizing Area. A farmer wants to fence ina 
rectangular area next to a river. (Note that no fence 
will be needed along the river.) What is the area of the 
largest region that can be fenced in with 100 ft of 
fencing? 


76. Carbon Dating. Use the function P(t) = Pye~9.00012¢ 
to find the age of a bone that has lost 25% of its 
carbon-14. 


77. Beam Load. The weight W that a horizontal beam 
can support varies inversely as the length L of the 
beam. If a 14-m beam can support 1440 kg, what 
weight can a 6-m beam support? 


78 


Fit a linear function to the data points (2, —3) and 
(G, =2). 


79. Fit a quadratic function to the data points (—2, 4), 
(=5, =@), ial (AL, 83), 
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80. Convert to a logarithmic equation: 10° = r. 87. Population Growth of Nevada. In 2008, the 
population of Nevada was 2,600,167. It had grown 
from a population of 1,998,257 in 2000. Nevada was 
the fastest growing state in the United States. Assume 
the population growth increases according to an 
exponential growth function. 

81. Convert to an exponential equation: log3 Q = x. Source: U.S. Census Bureau 


a) Let t = 0 correspond to 2000 and t = 8 correspond 
to 2008. Then tis the number of years since 2000. 
Use the data points (0, 1,998,257) and (8, 2,600,167) 
to find the exponential growth rate and fit an 
; exponential growth function P(t) = Poe* to the 
82. Express as a single logarithm: data, where P(t) is the population of Nevada t years 
+(7 logy x — logyy — 8 log, z). after 2000. 
b) Use the function found in part (a) to predict the 
population of Nevada in 2015. 
c) If growth continues at this rate, when will the 
population reach 3.5 million? 


83. Express in terms of logarithms of x, y, and z: 


xy?\6 
logy eee : 


84. What is the maximum product of two numbers whose 
sum is 26? 


85. Determine whether the function f(x) = 4 — x? is Synthesis 
one-to-one. 9 108 


9 
88. Solve: = ; 
Oe ee x? + 12x 


86. For the graph of function fshown here, determine 89. Solve: logs (logs x) = 2. 


(a) f(2); (b) the domain; (c) all x-values such that 

f(x) = —5; and (d) the range. 

90. Describe the graph of 
x2 oy? 

a bt 

when a? = b?. 


IL 


BY 


91. Diaphantos, a famous mathematician, spent } of his 
life as a child, + as a young man, and 4 as a bachelor. 
Five years after he was married, he had a son who died 
4 yr before his father at half his father’s final age. How 
long did Diaphantos live? 
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Appendixes 


A 
B 
C 
D 


Handling Dimension Symbols 


Determinants and Cramer's Rule 


Elimination Using Matrices 


The Algebra of Functions 


1. A truck travels 210 mi in 3 hr. 
What is its average speed? 


Perform each calculation. 
100m 
* Asec 


3. 7yd + 9yd 


4. 24 in. - 3in. 


5. Calculate: 6 men - 11 hours. 


Answers 
mi 
hr 
5. 66 man-hours 


1. 70 2.25" 3. 16yd 4. 72 in? 
sec 
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(a) Calculating with Dimension Symbols 


In many applications, we add, subtract, multiply, and divide quantities having 
units, or dimensions, such as ft, km, sec, and hr. For example, to find average 
speed, we divide total distance by total time. What results is notation very 
much like a rational expression. 


EXAMPLE 1 Acar travels 150 km in 2 hr. What is its average speed? 


50 km or 75m 
2hr ’ hr 


(The standard abbreviation for km/hr is km/h, but it does not suit our pres- 
ent discussion well.) 

The symbol km/hr makes it look as though we are dividing kilometers by 
hours. It can be argued that we can divide only numbers. Nevertheless, we 
treat dimension symbols, such as km, ft, and hr, as if they were numerals or 
variables, obtaining correct results mechanically. 


1 
Speed = 


Do Exercise1. | 


! EXAMPLES Compare the following. 


2, 150% _ 150 x _ oe wih 150km _ 150 km 75 Km 
2y 2 sy y 2 hr 2 hr hr 
3. 3x + 2x = (3+ 2)x = 5x with 3ft + 2ft = (3 + 2)ft = 5ft 
4. 5x + 3x = 15x? with 5ft-3ft = 15 ft? (square feet) 
) 
Do Exercises 2-4. J 
If 5 men work 8 hours, the total amount of labor is 40 man-hours. 
! EXAMPLE 5 Compare 
5x 8y = 40xy with 5men- 8hours = 40 man-hours. ) 


Do Exercise 5. 


' EXAMPLE 6 Compare 


300x - 240 kW - 240h kW-h 
nage”. agi Oe ODE 4800 aa 
15t E 15da da 


If an electrical device uses 300 kW (kilowatts) for 240 hr over a period of 
15 days, its rate of usage of energy is 4800 kilowatt-hours per day. The 
standard abbreviation for kilowatt-hours is kWh. ) 6. Calculate: 
200 kW - 140 hr 


Do Exercise 6. 35 da 
(b) Making Unit Changes 


We can treat dimension symbols much like numerals or variables, because we 
obtain correct results that way. We can change units by substituting or by 
multiplying by 1, as shown below. 


' EXAMPLE 7 Convert3 ft to inches. 


METHOD 1. We have 3 ft. We know that 1 ft = 12 in., so we substitute 12 in. 
for ft: 


3ft = 3-12in. = 36in. 


METHOD 2. We want to convert from “ft” to “in.” We multiply by 1 using a 
symbol for 1 with “ft” in the denominator since we are converting from “ft,” 
and with “in.” in the numerator since we are converting to “in.” 


121n, 
1 ft 
3-12 ft 
~ ee 


3ft = 3ft- 


- in. = 36in. ) 


Do Exercise 7. 7. Convert 7 ft to inches. 


We can multiply by 1 several times to make successive conversions. In the 
following example, we convert mi/hr to ft/sec by converting successively 
from mi/hr to ft/hr to ft/min to ft/sec. 


' EXAMPLE 8 Convert 60 mi/hr to ft/sec. 


mi mi 5280ft lhr 1 min 
sa br | wo hr ilmi 60min 60sec 
_ 60-5280 mi hr min— ft _ 98 ft 
60-60 mi hr min _ sec sec” ) 


Do Exercise 8. 8. Convert 90 mi/hr to ft/sec. 


Answers 


eae ay a ee 
da sec 
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For Extra Help 
i a (= : P. 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 
1. 45 ft + 23 ft 2. 55km/hr + 27 km/hr 3. 17g + 28¢ 4. 3.4lb + 5.2 1b 
Find the average speeds, given total distance and total time. 
5. 90 mi, 6 hr 6. 640 km, 20 hr 7. 9.9m, 3 sec 8. 76 ft, 4 min 
Perform the calculations. 
3in.- 8lb 60 men - 8 hr lyd 
~ 6sec 10 20a Miter ait 
mi 3 3 3lb 7lb 
5 : + ees 
12. 55 = Ahr 13. 5ft 11 ft 14 ft 6ft 
15. Divide $4850 by 5 days. 16. Divide $25.60 by 8 hr. 
(b) Make the unit changes. 
17. Change 3.2 lb to oz (16 oz = 1 Ib). 18. Change 6.2 km to m. 
19. Change 35 mi/hr to ft/min. 20. Change $375 per day to dollars per minute. 
21. Change 8 ft to in. 22. Change 25 yd to ft. 
23. How many years ago is 1 million sec ago? Let 24. How many years ago is 1 billion sec ago? 
365 days = 1 yr. 
25. How many years ago is 1 trillion sec ago? 26. Change 20 lb to oz. 
ft i 
27. Change 60 » to oe 28. Change 44 —— to = 
ft in. sec hr 
29. Change 2 days to seconds. 30. Change 128 hr to days. 4 
31. Change 216 in? to ft?. 32. Change 1440 man-hours to man-days. z 
£ 
Ib ton F F ; = 
33. Change 80 ro) to v2 34. Change the speed of light, 186,000 mi/sec, to mi/yr. & 
2) 
" 5 
EB 
8 
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The determinant 


In Chapter 3, you probably noticed that the elimination method concerns 
itself primarily with the coefficients and constants of the equations. Here we 
learn a method for solving a system of equations using just the coefficients 
and constants. This method involves determinants. 


(a) Evaluating Determinants 


The following symbolism represents a second-order determinant: 


a, by 
a2 bo 


To evaluate a determinant, we do two multiplications and subtract. 


! EXAMPLE 1 Evaluate: 


2- =5 
6 “air 


We multiply and subtract as follows: 


2 =5 
poag | et Sea S sah ee, ) 


Determinants are defined according to the pattern shown in Example 1. 


SECOND-ORDER DETERMINANT 


a, by 
a2 02 


is defined to mean a,b2 — dob}. 


The value of a determinant is a number. In Example 1, the value is 44. 


[Do Exercises 1 and 2. 
(b) Third-Order Determinants 


A third-order determinant is defined as follows. 


Note the minus sign here. 


a b 
bo ¢ bi c bi c 
mb o| - 2 C2|¥ @ 1 ¢] a 1 ¢] 
b3 C3 bs C3 bo C2 
a3 b3 63 


Is Note that the a’s come from the first column. 
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Evaluate. 


iS 


1. 
|4 


i 


| & =2 


2 E 


1 =1 


Answers 


1, -5 


2.7 


| 
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Note that the second-order determinants on the right can be obtained by 
crossing out the row and the column in which each a occurs. 


1 bd) Cy 
For dy: 2 be Co For do: 
3 bs C3 3 bz C3 
by cy 
For a3: 2 be Co 


mod 
phi | 


We calculate as follows: 


Loi 0 _1 O.s1 
“ =p] slat at 
alte Salted 6(=1)) ot 8 1) ae) 1st] 
gf 8 8 1(9) + 5(-8) + 4(-1) 
=-9-40-4 
oa ee mass ; 


i = 8} Do Exercises 3 and 4. | 
(¢) Solving Systems Using Determinants 


Here is a system of two equations in two variables: 


ax + by = ¢), 


2x + boy = Co. 


We form three determinants, which we call D, D,, and Dy. 


a, b ft 
= |"1 c In D, we have the coefficients of x and y. 
a2 be 
z ; To form D,, we replace the x-coefficients in D 
Dy, = : i with the constants on the right side of the 
C2 92 equations. 
i ay Cy To form Dy, we replace the y-coefficients in D 
Y la. © with the constants on the right. 


It is important that the replacement be done without changing the order of 
the columns. Then the solution of the system can be found as follows. This is 
known as Cramer’s rule. 


Answers 
3.-6 4,93 
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CRAMER'S RULE 


' EXAMPLE 3. Solve using Cramer’s rule: 
3x — 2y = 7, 
3x + 2y = 9. 
We compute D, D,, and Dy: 


3-2 
D= =3:-2-3: 2)=6+6= 12; 
; 1 (2) 
ia —2 
De=|g 5|/= 7-2 -9(-2) = 14 + 18 = 32; 
3 
D,= =3°9-3:7=27-21=6. 
y 13 |9 
Then 
Pi 2 8 ana vo tea? 
“Dp wo 3°" *" Bp i 2 
The solution is (8, 3). ) 5. Solve using Cramer's rule: 
4x — 3y = 15, 


| Do Exercise 5. x+ 3y=0. 


Cramer’s rule for three equations is very similar to that for two. 
ax + by + cz = dy 
aox + boy + coz = do 
a3x + b3y + c3z = d3 


a, by cy dq, by cy 
D= ag bo C2 D, = do bo C2 
a3 b3 C3 dz b3 C3 

a, dy Cy 

Dy =|d2 dy C2 

a3 d3 C3 


Dis again the determinant of the coefficients of x, y, and z. This time we have 
one more determinant, D,. We get it by replacing the z-coefficients in D with 


the constants on the right: 
ay, by dy 


Dz, =| 42 bz do 
a3 b3 dz 


Answer 
5. (3, -1) 
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6. Solve using Cramer’s rule: 


a5 = 8 — 4 = Gh, 
Dear Sar B= B), 
4x+ y = Ue 


Answer 
6. (1,3, -2) 
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The solution of the system is given by the following. 


CRAMER'S RULE 


EXAMPLE 4 Solve using Cramer's rule: 
x — 3y + 7z = 13, 
x+ yt Z=1, 


x — 2y+ 3z=4. 
We compute D, D,, Dy, and D;: 


1-3 7 3, -3 7 
D=|1 1 1)/=-10 OD,=|ii 1 1/=20; 
1-2 8 4a -2 3 
1 fea 7 1 -3 3 
Dy= |1 BR 1) =-6; D,=|1 1 [| = -224. 
1 3 Il. 2 
Then 
D, ~— 20 
*“"D —10 
D -6 3 
is ae ae 
P D, —-24 12 
D -10 5 
The solution is (=2, 2, ae p 


In Example 4, we would not have needed to evaluate D;. Once we found 
x and y, we could have substituted them into one of the equations to find z. 
In practice, it is faster to use determinants to find only two of the numbers; 
then we find the third by substitution into an equation. 


Do Exercise 6. 


In using Cramer's rule, we divide by D. If D were 0, we could not do so. 


INCONSISTENT SYSTEMS; 
DEPENDENT EQUATIONS 


If D = 0 and at least one of the other determinants is not 0, then the 
system does not have a solution, and we say that it is inconsistent. 

If D = 0 and all the other determinants are also 0, then there is an 
infinite set of solutions. In that case, we say that the equations in the 
system are dependent. 


For Extra Help 
MyMathLab 


Exercise Set 


0 2 0 
9/3 -1 1 10 
1 -2 2 
3 22 2 
13. |—2 1 4 14 
-4 -3 3 


(c) Solve using Cramer’s rule. 


17. 3x — 4y = 6, 18. 
5x + 9y = 10 

21. 4x + 2y = 11, 22: 
3x = y=2 

25. 2x — 3y + 5z = 27, 26. 
x+2y- z=-4, 
Sx —- yt 4z = 27 


29. 4x —y —- 3z= 1, 30. 


8x +y- z=5, 
2xt+yt+2z=5 


Be 

9 8 

3 0 -2 
5 1 2 
2 0 -il 
| 1 
1 2 -l1 
3 4 -3 
5x + 8y = 1, 
3x + 7y=5 
3x — 3y = 11, 
9x —- 2y=5 
x- yt2z=-3, 


2x y Z=-3 
3x + 2y + 2z = 3, 
x+2y- Z=5, 
2x—-4y+ Z= 


Mathexyp 


PRACTICE 


-3 -6 
os 
ae 

“lo 00 

-1 -2 -3 
ll.| 3 4 2 
0 1 2 
32 4 
15./1 1 1 

1141 


19. —2x + 4y = 3, 
3x - 7y=1 


23. x + 4y=8, 


r+ s+ t=6 
31. p q r= 1, 
p — 2q — 3r = 3, 
4p+5q+6r=4 
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WATCH 


<a 


DOWNLOAD 


READ 


REVIEW 


4 5 
4. 
Li 
0 -4 
8. 
=a 
i 2 2 
12. |2 1 0 
33° 1 
21 6 =5 
16. 4.4 
5 3 10 


20. 5x — 4y = —3, 
7x + 2y=6 


24. x+ 4y=5, 


—3x + 2y = 13 
28. a — 3c = 6, 
b+ 2c = 2, 


32. x + 2y—- 3z=9, 
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The elimination method concerns itself primarily with the coefficients and 
constants of the equations. In what follows, we learn a method for solving 
systems using just the coefficients and the constants. This procedure involves 
what are called matrices. 


@ 


In solving systems of equations, we perform computations with the constants. 
The variables play no important role until the end. Thus we can simplify writ- 
ing a system by omitting the variables. For example, the system 


Sx +4y=5, 2... 3 45 
Pabye ¥ simplifies to 7 oe 


if we omit the variables, the operation of addition, and the equals signs. The 
result is a rectangular array of numbers. Such an array is called a matrix 
(plural, matrices). We ordinarily write brackets around matrices. The fol- 
lowing are matrices. 


1 2 

1 5 2 1 4 7 145 0 

1 1 2, 1 2 1 3 1}, -7 9 
3-2 O Or 2. 10 eS 8 1 

0 0 


The rows of a matrix are horizontal, and the columns are vertical. 


5 =2 2| < rowl 
1 0 1| <\—— row2 
0 1 2) <——— row3 
‘ * ‘ 

column 1 column2  column3 


Let’s now use matrices to solve systems of linear equations. 


EXAMPLE 1 Solve the system 
5x — 4y = -l, 
—2x + 3y = 2. 


We write a matrix using only the coefficients and the constants, keeping 
in mind that x corresponds to the first column and y to the second. A dashed 
line separates the coefficients from the constants at the end of each equation: 


5 =-4 7 =] The individual numbers are 
—2 3 1 2\° called elements or entries. 


Our goal is to transform this matrix into one of the form 
i b! 4 
0 dj el) 


The variables can then be reinserted to form equations from which we can 
complete the solution. 


We do calculations that are similar to those that we would do if we wrote 
the entire equations. The first step, if possible, is to multiply and/or inter- 
change the rows so that each number in the first column below the first 
number is a multiple of that number. In this case, we do so by multiplying 
Row 2 by 5. This corresponds to multiplying the second equation by 5. 


5 —-4 
-—10 15 


vp ok 
; 10 New Row 2 = 5(Row 2) 
Next, we multiply the first row by 2 and add the result to the second row. This 
corresponds to multiplying the first equation by 2 and adding the result to the 
second equation. Although we write the calculations out here, we generally 
try to do them mentally: 

2-5+(-10)=0; 2(-4)+15=7; 2(-1)+10=8. 

R = 4 

oF: @ New Row 2 = 2(Row 1) + (Row2) 

If we now reinsert the variables, we have 


5x — 4y = -1, (1) 


7y = 8. (2) 
We can now proceed as before, solving equation (2) for y: 
7y=8 (2) 
y=F. 


Next, we substitute 8 for y back in equation (1). This procedure is called back- 
substitution. 


5x — 4y = -1 (1) 
ox — 4: 8 =-l Substituting 2 for y in equation (1) 
x= 2 Solving for x 
The solution is , 3). ) 


Do Exercise 1. 


EXAMPLE 2 Solve the system 
2x —y+ 4z= -3, 
x — 4zZ=5, 
6x — y+ 2z = 10. 


We first write a matrix, using only the coefficients and the constants. 
Where there are missing terms, we must write 0’s: 


fo -] 4 ' -3 (P1) (P1), (P2), and (P3) designate the 
l §. <4 5 (P2) equations that are in the first, 
. second, and third position, 
[6 =1 2; 10 (P3) 


respectively. 


Our goal is to find an equivalent matrix of the form 


[a b cid 
Oe f ; g}. 
[OO hp a 


A matrix of this form can be rewritten as a system of equations from which a 
solution can be found easily. 


1. Solve using matrices: 
5x — 2y = —44, 
2x + Sy = —6. 


Answer 
1. (-8,2) 
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The first step, if possible, is to interchange the rows so that each number 
in the first column below the first number is a multiple of that number. In this 
case, we do so by interchanging Rows 1 and 2: 


1 0 =—4 5 

This corresponds to interchanging 
2-1 4 °° 33/5 ; : 

the first two equations. 
6 -l 2 ., 10 


Next, we multiply the first row by —2 and add it to the second row: 


This corresponds to multiplying new 


1 o =4 | 5 equation (P1) by —2 and adding it to 
0 -1 12 {| -13). new equation (P2). The result replaces 
6 -1 2; 10 the former (P2). We perform the calcula- 


tions mentally. 


Now we multiply the first row by —6 and add it to the third row: 


fl. 0-4: 5 
0-1 12 _ 13 This corresponds to multiplying equation 
0 1 26 = . (P1) by—6 and adding it to equation (P3). 


Next, we multiply Row 2 by —1 and add it to the third row: 


[1 o -4! 5 
0-1 12 —_ 13 This corresponds to multiplying equation 
, 0 uu ‘ (P2) by —1 and adding it to equation (P3). 


Reinserting the variables gives us 
x — 4z=5, (P1) 
-y+12z=-13,  (P2) 
14z = -7. (P3) 
We now solve (P3) for z: 
14z = -7 (P3) 
Z=- i Solving for z 
z=-l. 
Next, we back-substitute —} for z in (P2) and solve for y: 
-y+12z=-13  (P2) 
-y + 12(-}) =-13 Substituting —} for z in equation (P2) 


-y-6=—-13 
-y= —7 
y=7. Solving for y 
Since there is no y-term in (P1), we need only substitute —} for z in (P1) and 
solve for x: 
x-4z=5 (P1) 
x- 4( = 5) = Substituting -5 for zin equation (P1) 
2. Solve using matrices: rages 


isis uum x= 3. Solving for x 


De War fa lp 


The solution is (3, 7, —3). ) 


Do Exercise 2. 


AX yea eZ We 


Answer 
2. (-1,2,3) 
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All the operations used in the preceding example correspond to opera- 
tions with the equations and produce equivalent systems of equations. We 
call the matrices row-equivalent and the operations that produce them 
row-equivalent operations. 


ROW-EQUIVALENT OPERATIONS 


Each of the following row-equivalent operations produces an 
equivalent matrix: 


a) Interchanging any two rows. 
b) Multiplying each element of a row by the same nonzero number. 


c) Multiplying each element of a row by a nonzero number and adding 
the result to another row. 


The best overall method of solving systems of equations is by row- 
equivalent matrices; graphing calculators and computers are programmed 
to use them. Matrices are part of a branch of mathematics known as linear 
algebra. They are also studied in more detail in many courses in finite 
mathematics. 
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For Extra Help — 
SE P. 
J Mathexyp i. @ cocees Jf 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 


1. 4x + 2y = 11, 2. 3x — 3y = 11, 3. x + 4y= 8, 
3x- y=2 9x —- 2y=5 3x + 5y = 3 

4. x+4y=5, 5. 5x — 3y = -2, 6 3x + 4y=7, 
—3x + 2y = 13 4x + 2y=5 —5x + 2y = 10 

7. 2x — 3y = 50, 8. 4x + Sy = —8, 9.4x —-y- 3z=1, 
5x + y= 40 7x + 9y= 11 8x +y- zZ=5, 


2xt+yt+2z=5 


10. 3x + 2y + 2z = 3, ll. p q r=1, 12. x + 2y- 3z=9, 
x+2y- z=5, p — 2q —- 3r=3, 2x yr 22 = 8, 
2x-4y+ z=0 4p +5q+6r=4 3x- y-4z=3 

13. x- yt 2z=0, 14. 4a + 9b = 8, 15. 3p + 2r= 11, 

Ke 27-32] —1, 8a + 6c = -1, q-7r=4, 
2x-2y+ z= 6b + 6c = -1 p-6q=1 

16. m n+t=6, 17. 2x + 2y — 2z — 2w = —10, 18. 2x — 3y+ z- w= -8, 
m- n-t=0, x y Z w= —5, x y-z-w=-4, 
mt+2n+t=5 x y+ 4z+ 3w = -2, x ytzt+we= 22, 

3% = 2y + 22z w= -6 x yr-2z-w=-l4 


Copyright © 2011 Pearson Education, Inc. 
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The Sum, Difference, Product, 
and Quotient of Functions 
Suppose that a is in the domain of two functions, fand g. The input ais paired 
with f(a) by f and with g(a) by g. The outputs can then be added to get 
f(a) + 84). 
) EXAMPLE 1 Let f(x) = x + 4and g(x) = x? + 1. Findf(2) + g(2). 


We visualize two function machines. Because 2 is in the domain of each 
function, we can compute f(2) and g(2). 


g(Maxret+l 


ee 


Since 
f(2)=2+4=6 and g(2) = 27+1=5, 
we have 
f(2) + g(2) =6+5=11. ) 
In Example 1, suppose that we were to write f(x) + g(x) as (x + 4) + 


(x2 + 1), or f(x) + g(x) = x? + x + 5. This could then be regarded as a “new” 
function: (f+ g) (x) = x? + x + 5.Wecan alternatively find f(2) + g(2) with 


(f + g) (x): 
(f+ gh) =x? +245 
(f+ g)(2) =22+2+5 — Substituting 2 for x 
=4+2+5 
= 11. 


Similar notations exist for subtraction, multiplication, and division of 
functions. 


THE SUM, DIFFERENCE, PRODUCT, 
AND QUOTIENT OF FUNCTIONS 


For any functions fand g, we can form new functions defined as: 


. Thesumf + g: (f + g)(x) = f(x) + g(x); 

. The difference f — g: (f— g)(x) = f(x) — g(x); 

. The product fg: (f+ 8) (x) = f(x) > a(x); 

. The quotient f/g: (f/g) (x) = f(x)/g(x), where g(x) # 0. 
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. Given f(x) = x* + 3and 
g(x) = x? — 3, find each of the 
following. 


a) (f + g) (x) 
b) (f— 8) (x) 
ce) (f- 8) (x) 
d) (f/8) (x) 
e) (Ff: f) (x) 


iS) 


. Given f(x) = x* + xand 
g(x) = 2x — 3, find each of the 
following. 


a) (f + g)(—2) 
BG — 2) 4) 
©) (f- 8) (-3) 
d) (f/g) (2) 


Answers 


2 
1. (a) 2x2; (b) 6; (0) x4 — 9; =" 8, 
we 
(e) x4 + 6x2 +9 2. (a) —5; (b) 15; 
(c) —54; (d) 6 
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| EXAMPLE 2. Given fand g described by f(x) = x? — 5 and g(x) = x + 7, 


find (f + g) (x), (f— g) (x), (f° 8) (x), (#78) (x), and (g > g) (x). 
CPs) =f) > a) = = 5) ea 7) SF ed; 
(f — g)(x) = f(x) — g(x) = (x? — 5) — (x + 7) =x? — x - 12; 
(f+ 2) ) =f) a(x) = (x? = 5) (e+ 7) = x9 + 7x2 = 5x 35; 
2_ 
(418) (x) = f/alx) = = 
(g- g) (x) = g(x) - g(x) = (x + 7) (x + 7) = x? + 14x + 49 


Note that the sum, difference, and product of polynomials are also poly- 


nomial functions, but the quotient may not be. 


Do Exercise 1. 


) EXAMPLE 3 For f(x) =x*-—x and g(x)=x+2, find (f+ g)(3), 


(f — g)(-1), (f- 8) (5), and (f/g) (—4). 
We first find (f+ g) (x), (f— 8) (x), (fF: 8) (x), and (f/g) (x). 
(f+ g) (x) = f(x) + g(x) = x? —x4+x4+2 


= 27 4+ 2 

(f-— 2) @)=7@) ea) =e" = 2 = (2) 
=x -4-x-2 
= x2 — 2x — 2; 


(f+ g) (x) = f(x) + g(x) = (x? — x) (x + 2) 
= x3 + 2x2 — x2 — 2x 


= x3 + x2 — 2x; 


fe) _ x2 
6) ae are 


Then we substitute. 


(f+ g)(3) =3? +2 Using (f + g) (x) =x? +2 


=9+2=11; 
(f=8)(-1) = (1? = 21) = 2. Using(f=g)) = 2° = 2x 
=1+2-2=1; 


(f- g)(5) =53 +5%-2-5 Using (f- g) (x) = x9 + x? - 2x 
= 125 + 25 — 10 = 140; 


(4P-G) «, ae 
(f18)(-4) = —=-5— _—_ Using (fg) (2) = (2? — O/ (x + 2) 
16+ 4 20 
—Sagd ag a 
Do Exercise 2. 


D | Exercise Set 


For Extra Help q —— 
ere P 
MyMathLab PRACTICE WATCH DOWNLOAD READ REVIEW 


Let f(x) = —3x + land g(x) = x* + 2. Find each of the following. 
1. f(2) + g(2) 2. f(-1) + g(-1) 3. f(5) — g(5) 
4. f(4) — (4) a f(-1)* —1) 6. f(—2) - g(—2) 
7. f(—4)/8(-4) 8. f(3)/g8(3) 9. g(1) — f(1) 
10. g(2)/f(2) 11. g(0)/f(0) 12. g(6) — f(6) 
Let f(x) = x* — 3 and g(x) = 4 — x. Find each of the following. 
13. (f + g) (x) 14. (f — g) (x) 15. (f + g)(—4) 
16. (f + g)(—5) 17. (f — g) (3) 18. (f — g) (2) 
19. (f+ g) (x) 20. (f/g) (x) 21. (f- g)(—3) 
22. (f- g)(—4) 23. (f/g) (0) 24. (f/g) (1) 
25. ({/g) (—2) 26. (f/g) (—1) 
For each pair of functions fand g, find (f+ g) (x), (f — g) (x), (f: g) (x), and (f/g) (x). 
27. fia) = 2", 28. f(x) = 5x - 1, 29. f(x) = : : 5 
g(x) = 3x—4 g(x) = 2x? g(x) = 4x3 
30. f(x) = 3x2, 31. f(x) = i 32. f(x) = —— 
“= 2 a3 
BO) a a(x) = ax) = 
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Answers 


CHAPTER R 


Exercise Set R.1, p. 9 

1. 1,12,V25 3. -6,0,1,—5, 4,4, 12,-3, 3.45, 55, V25, -2 

5. —6,0, 1, —5, 4,4, 12, —§, 3.45, 53, V3, V25, —%, 

0.131331333133331... 7. 12,0 9. —11,12,0 

11. —V5, 77, —3.565665666566665... 13. {m,a,t,h} 

15. {1,2,3,4,5,6,7,8,9,10,11,12} 17. {2,4,6,8,...} 

19. {x|x is a whole number less than or equal to 5}, or {x|xisa 
a 


whole number less than6} 21. 2 aand bare integers and 


b# of 23. {x|x>-3} 25.> 27.< 29. < 


31,.< 33. > 35.< 37. > 39.< 41.x< —-8 
43. y=-12.7 45. False 47. True 
49.<+-+-++4 


: 
51. <+-+4 am + 


53.0 <4 4+ +e 


-4 0 
55. <++++4+++4+—-+++— 57.6 59. 28 
0 2 


61.35 63.5 65.428 67.986 69.0 71. = 
73. < 75. 4%, 0.3%, 0.009, 1%, 1.1%, 785) tr Toso» 0-11, §, 3, 0.286 


Exercise Set R.2, p. 19 


1.-28 3.5 5.-16 7.-4 9.-10 Il. -26 
13.1.2 15. -886 17.-} 19. -$ 21.7 23.5 
25.4 27. -3.7 29.-10 31.0 33.-4 35. —-14 
37.0 39.-46 41.5 43.15 45. —-11.6 47. —29.25 
49.-/ 51.-4} 53.-12 55.-£ 57. -21 59. -8 
61.24 63. —-112 65.342 67.-% 69.2 71. 60 
73. 26.46 75.1 77.-f 79.-2 81.-7 83.7 

85. 0.3. 87. Notdefined 89.0 91. Notdefined 93. } 


b 
95.-2 97.4 99.5 101. ~7 (103. -£ 105. 25 


107.-6 109.5 111. -120 113.-2 115.2 117.3 
119. & 121. -2 123. 74,0r0.923076 125. —#, or -1.62 
127. Notdefined 129. —%,3;3, —4,0, does not exist; —1, 1; 

1 
4.5, —q53 “x 131. 26,0 132. 26 133. —13,26,0 
134. V3, 77, 4.57557555755557... 135. —12.47, —13, 26, 0, 
-S4 136. V3, -12.47, -13, 26, 7,0, -3, 4, 
4.57557555755557.... 137. << -«138 > «139. <-:140. > 
141. + = 143. 31,250 


Calculator Corner, p. 27 
1.56 2.96 3.2625 4. -2.4,or-2 


Exercise Set R.3, p. 28 
1.45 3,56 5m? 7. (5)* 9. (123.7)? 11. 128 
13. -32. 15. 4; 17. -64 19.3136 21.5 23.1 


i 
25.1 27.5 29.16 31.9 33. — 35.4? 37. -q 
y 


39.34 41. b°% 43. (-16)% 45. -4 47. -117 
49.2 51.8 53. —-358 55. 144;74 57. —576 

59. 2599 61.36 63. 5619.712 65. —200,167,769 
67.3 69.3 71.16 73. -310 75.2 77. 1875 
79. 7804.48 81.12 83.8 85.16 87. —86 89. 37 
91.-1 93.22 95. —-39 97.12 99. -549 101. -144 
103.2 105.-%; 107.9 109.2 110.23 111.0 
112. 900 113. -33 114. —-79 115.33 116. —79 
117. —23 118. 23 119. —23 120.3 121. 25} 
123.9°5+2-(8-3+1)=22 125. 3125 

127, (243)> = Gta fet estates eas 
so(2+3)l#214+31, 


Exercise Set R.4, p. 36 
l1.b+8,or8+b 3.c-—134 5.5+4q,org+5 


x 
7a+b,orbt+a 9. oe aaa ll. x+w,orw+x 


13.n-—m 15.p+qorq+p 17.3q 19. —18m 

21. 17%s,or0.17s 23. 75t + 25. $40 —-x 27. —92 
29.3 31.4 33. s or22.55 35.16 37.19 39. 57 
41. $440.70 43. A = 2289.06in?;C = 169.56in. 45. 243 
46. —243 47.100 48. 10,000 49. 28.09 50. 3 
51.1 52.45 53. 3x 54.1 55.d=r-t 57.9 


Exercise Set R.5, p. 44 
1. —10, —10, 2; 25, 25, —5; 0, 0, 0; 2x + 3x and 5x are equivalent. 


3. —12, —16, —12; 38.4, 51.2, 38.4; 0, 0,0; 4x + 8x and 4(x + 2x) 
are equivalent. 5. = rf na 93 11-4 133+w 
15. tr 17. cd+4,dc+4,or4+dc 19. x+ yz, 
x+zyorzy+x 21.(m+n)+2 23. 7-(x-y) 

25. a+ (8+ b),(a+ 8) + b,b + (a + 8); others are 
possible 27. (7: b)-a,b-(a-7),(b- a) - 7; others are 
possible 29. 4a+4 31. 8x—- 8y 33. —10a — 15b 

35. 2ab — 2ac + 2ad_ 37. 2mrh + 2mr 39. sha + shb 

Al. 4a,—-5b,6 43. 2x,—3y,-2z 45. 24(x + y) 

47. 7(p—1) 49. 7(x-—3) 51. x(y +1) 

53. 2(x—ytz) 55. 3(x+2y-—1) 57. 4(w—- 3z + 2) 
59. 4(5x-9y-3) 61. a(b+c-—d) 63. ¢a7r(r+ts) 

65. (x+y)? 66. x%+y? 67. -102 68. —}3 69. 
70. —46 71. No 73. Yes 


Col 
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Exercise Set R.6, p. 50 


1.12x 3. -3b 5. 15y 7. lla 9. —-8t 11. 10x 
13. llx—5y 15. —-4c+ 12d 17. 22x + 18 

19. 1.19x + 0.93y 21. —a-4b-27 23. P=2(1+w) 
25. 2c 27. -b-4 29. —b+3,0r3—b 31. -t+y, 
ory—t 33. -x-y-z 35. -8x + 6y—- 13 

37. 2c -5d+3e-4f 39. 1.2x - 56.7y + 34z +4 

41. 3a+5 43.m+1 45.9d-16 47. —7x+ 14 
49. -9x +17 51. 17x + 3y-—18 53. 10x — 19 

55. 22a— 15 57. -190 59. 12x +30 61. 3x + 30 
63. 9x — 18 65. —4x + 808 67. —l4y— 186 69. —37 
70. —71 71. —23.1 = 72. x 73. -16 74. 16 

75. —16 76. -} 77. 8a— 8b 78. —16a + 24b — 32 
79. 6ax — 6bx + 12cx 80. 16x — 8y +10 81. 24(a — 1) 
82. 8(3a— 2b) 83. a(b—c+1) 84. 5(3p + 9q — 2) 


85. (3 — 8/2 +9=34 87.5-23+(3- 4)4 = 40 


89. 23a — 18b + 184 91. -92+5x 93. —x +19 
Calculator Corner, p. 61 
1. 1.2312 x 10-4 2. 2.4495 x 108) 3. 2.8 X 10° 
4.54x10!4 5.3x10°8 6.6x10° 7.1.2 x 1014 
8. 3 x 10/2 
Exercise Set R.7, p. 61 
1 1 1 
139 3. 5. 7. 9. a> 11. 72x> 13. —28m°n° 
64 8 b3 
14 105 4 : 
15. -—— 17.— 19. -—— 21. 8’ 23.69 25, — 
xl x 2t 6 109 
1 1 4x9 
27.92 29. 31.—— 33.45 35. —3x5z4 37, —— 
x 10n wd 3y? 
3x3 1 7 
39. 41.46 43.— 45. 6!2 47. 125a%b® 49, cas 
2y? gl2 9x6 
51.—"—— 53, — 55 it a 
* 26p6¢2 “49.312 “97 "510 
6302 12136 64 5’ p28 
59. 61. 63. = 65. 107 
48 xray l2 37q3° 
—5xat1 
67. 3a*-4 69. ———_ 71. 84° 73,.: 1260 -2ab 


75. 52Cx 2ac—2cy2be+2c or 25ex 2ac—2cy2be+2e 77. Axe 2yb—2 


79.4.7x 101° 81.16 108 8326x109 85. 2x10’ 
87. 673,000,000 89. 0.000066cm 91. $2,000,000,000,000 
93. 9.66 X 10° 95. 1.3338 x 101! 97. 2.5 x 103 


99. 5.0 104 101. About $1.584 x 108 

103. 6.3072 x 10!®sec 105. About 4.08 light-years 
107. 3.33 X 10-2109. About 2.2 x 10°3lb 

111. 19x + 4y — 20 112. —23t+ 21 113. -11 


117. 222 119. 121. 4x24y2> 


114. —231 


115. -8 116. 8 


a4p27 
Summary and Review: Chapter R, p. 66 


Concept Reinforcement 


1. False 2. True 3. True 
7. True 8. True 


4. False 5. False’ 6. True 


Review Exercises 


1522. -2 0.4545, —23.788 2. {x|x is a real number less than or 


equalto46} 3.< 4.x<19 5. False’ 6. True 
72 <4+t¢++ot-—"Y 

-4 0 
8 <4  S 9.7.23 10.0 

Ol 

1l.-2 12.-79 13. -3 14.-5 15. -26.7 16, 2 
17. 10.26 18. -3 19. 168 20. -4 21.21 22. —7 
23. - 24.2 25. Notdefined 26. —24 27.7 


A-2 Answers 


1 

28. -23 29.0 30.a5 31. (-§)> 32.— 33.x% 
a 

34.59 35. -116 36. 5x 37. 28%y,or0.28y 38. r— 9 

39. 5 -8 40.-17 41.-8 42. 84ft? 43. —4, 16, 36,6; 


95, 225, 25, 105; —5, 25, 25, 5; none are equivalent 44. —16, —9, 


—16, 12; 6, 13, 6, 34; -14, —7,—14, 14; 2x — 14 and 2(x — 7) are 


21x 


equivalent 45. ae 46.-12 47,.a+11 48 y-8 


49.9+(a+b) 50. (8x)y 51. —-6x+ 3y 52. 8abc + 4ab 


53. 5(x + 2y—z) 54. pt(r+s) 55. —3x + 5y 
56. 12c-—4 57.9c-—4d+3 58x+3 59. 6x4+15 
10x? 3y 
60. 22x - 14. 61. -17m— 12 62. 63. 
ys 2x4 
8 81y*9 
6a, 2 65. z 66. 6.875 X 109 67. 1.312 x 107! 
9b2c® 16x24 
68. $6.7 X 104 69. 1.422 x 102m? 70.D 7LA 
72. x!*Y¥ 73, 32 74. (a), (i); (d), (f); (h), (j) 


Understanding Through Discussion and Writing 
1. Answers may vary. Five rational numbers that are not 
integers are i, - 3, 63, —0.001, and 1.7. They are not integers 
because they are not whole numbers or opposites of whole 
number. 2. The quotient 7/0 is defined to be the number 
that gives a result of 7 when multiplied by 0. There is no such 
number, so we say that the quotient is not defined. 
3. No; the area is quadrupled. For a triangle with base b and 
height h, A = 5bh. For a triangle with base 2b and height 2h, 
A=3-2b- 2h = 2bh= 4(5bh). 4. No; the area is 
quadrupled. For a parallelogram with base b and height h, 
A = bh. Fora parallelogram with base 2b and height 2h, 
A= 2b-2h=A(bh). 5. $5 million in $20 bills contains 
5 x 108 
20 
would weigh 2.5 X 10° x 2.2 x 10°3 = 5.5 x 107, or 550 lb. 
Thus it is not possible that a criminal is carrying $5 million in 
$20 bills ina briefcase. 6. For 5”, where 7 is a natural 
number, the ones digit will be 5. Since this is not the case with 
the given calculator readout, we know that the readout is an 
approximation. 


= 0.25 X 106 = 2.5 X 10° bills, and 2.5 X 10° bills 


Test: Chapter R, p. 71 

1. ([R.la] V7,7 = 2. [R.1al] {x|xis areal number greater than 20} 
3. [R.1lb] > 4 [R.1b]5 =a _ 5. [R.lb] True 6. [R.1b] True 
7. [R.lc] <++++++ + + + +> 


-2 0 
8. [R.1d]0 9. [R.1d] £ 10. [R.2a]-2 11. [R.2a] —13.1 
12. [R.2a] —6 14. [R.2c] —29.7 15. [R.2c] va 


13. [R.2c] —1 
16. [R.2d] —33.62 17. [R.2d] 3 18. [R.2d] —528 


19. [R.2e] 15 20. [R.2e]-5 21. [R.2e]$ 22. [R.2e] —82 
23. [R.2e] Notdefined 24. [R.2b] 13 25. [R.2b] 0 

26. [R.3a] q* 27. [R3b]a9 28. [R.3c]0 29. [R.3c] — +8 
30. [R4alf+9,or9 +t 31. [R4al] ; —12 32. [R.4b] 18 
33. [R.4b]3.75cm2 34. [R.5a]Yes 35. [R.5a] No 

36. IRsb] == 37. [R.5b]3 38. [R.5clqp 39. [R.5c] 4+ ¢ 


40. [R.5c] (3 +t) +w 41. [R.5c] 4(ab) 

42. [R.5d]) -6a+ 8b 43. [R.5d] 37rs + 371° 

44. [R.5d] a(b—c+ 2d) 45. [R.5d] h(2a + 1) 

46. [R.6a] 10y — 5x 47. [R.6a] 2la + 14 

48. [R.6b] 9x — 7y + 22 49. [R.6b] —7x + 14 
3y? 


51. [R.7a] ——— 
2x4 


50. [R.6b] 10x — 21 


6a? ‘ 5 
52. [R.7a] -—— 53. [R.7a] —50a9” 54. [R.7a] -—_ 
b° x At 


qai2 i 48 
55. [R.7b] ———_ 56. [R.7b 
| eipec4 p*8 
58. [R.7c] 3.741 X 10? 59. [R.7c] 1.875 X 10°° 60. [R.7c] C 
61. [R.5c, d], [R.7b] (b), (e); (d), (f), (h); (i), (j) 


57. [R.7c] 4.37 X 10° 


CHAPTER 1 


Calculator Corner, p. 83 
1. Lefttothe student 2. Left to the student 


Exercise Set 1.1, p. 84 


1. Yes 3. No 5. No 7. No 9 Yes 11. No 13.7 
15. -8 17.27 19. -39 21. 86.86 23. é 25. 6 
27. -4 29. -147 31.32 33. -6 35. -% 37. 10 
39. 11 41. -12 43.8 45.2 47.21 49. —12 
51. Nosolution 53. —-1 55. 8 57.0 591 

61. Allrealnumbers 63. Nosolution 65.7 67. 2 
69.7 71.5 73. —3 75. Allrealnumbers 77. 5 ' 
79.% 81.5 83.2% 85a 86. 3 a 
88. —2x8y3— 89. 12 — 20x 90. —5 + 6x 

91. -12x + 8y—4z 92. -10x+35y—20 93. 2(x — 3y) 
94. —4(x + 6y) 95. 2(2x-—5y+1) 96. —5(2x — 7y + 4) 
97. {1,2,3,4,5,6, 7,8, 9}; {x|x is a positive integer less than 10} 
98. {—8, —7, —6, —5, —4,-3, —2, —1}; {x|x is a negative integer 
greater than —-9} 99. Approximately —4.176 101. 3 

103. 8 


Exercise Set 1.2, p. 93 


pee ae toe pet ge ay ape 
t b 2 h 
F E 
9.a=2A-b llem=— 13.t=— 15. c2 = — 
a m 
— Ax 1.08T 
17. p=20+4q 19. y= 21. N=——— 


25. b=3n-at+c 


1. 
L=S6 1+ qt 


27. R= 


R— 66 — 12.7h + 6.8a 
6.23 


31. (a) About 1930 calories; (b) w = 


33. (a) About 2340 calories; 
1015.25 + 6.74w + 7.29h — K 
(b) a= 


35. (a) 1614 ¢; 


7.29 ' é 
P + 299 cla + 12 
b) a = —— _ 37. (a) 50 mg; (b) d = —————,, or 
» 9.337d (ao) engell) a 
12c 4 
c+—= 39-5 40. 250 41. -2 42, -25 43. § 
A-— mr? A 
44.6 45.-6 46.-5 47.5= or r 
Tr Tr 
PGT PVT. 
49, V, =~; Vi? 51. 0.8yr 


Pil,’ * TiVo 
53. (a) Approximately 120.5 horsepower; 
(b) approximately 94.1 horsepower 


Exercise Set 1.3, p. 105 


1. 6.55mi 3. $38.1 billion 5. 45°,52°,83° 7. $1120 

9. Length: 94 ft; width: 50 ft 11. 66%cmand 334 cm 

13. $265,000 15. 9, 11,13 17. 348 and 349 19. 843 sq ft 
21. $38,950 23. About 2169incidents 25. (a) 68.4 million 
laptops; 136.8 million laptops; (b) 2010 27. 6min 

29. Downstream: 1.25 hr; upstream: 1.875 hr 31. 3 hr 


33. —2442 34. 208 35.49 36. —-119 37. 49 

38. -119 39.78, 40.35 41.-1 42. —256 

43. 25,or32 44. 27!,0r2,097,152 45. $115,243 

47. 130novels 49. 25% increase 51. 62,208,000 sec 

53. Answers may vary. A piece of material 75 cm long is to be 
cut into 2 pieces, one of them 2 as long as the other. How should 
the material be cut? 55. mZ2 = 120°;mZ1 = 60° 


Mid-Chapter Review: Chapter 1, p. 111 
1. True 2. True 3. False 4. False 


5. 2x-5=1-4x 
2x-5+4x=1- 4x + 4x 
6x-5=1 
6x-5+5=1+5 
6x =6 
6x 6 
6 6 
x=1 
6. Mx + Ny = T 
Mx + Ny — Mx = T —- Mx 
Ny = T — Mx 
_ T- Mx 
N 


7. Yes 8 No 9.No 10. Yes 11. —-3 12. —-8 


13.4 14.2 15, Allrealnumbers 16.2 17. -3 
18. Nosolution 19.-% 20.5 21.3 22, -2 
P zZ— 3w Z 
23,.n=— 24.t= ,or~>—w 25.s=4N-r 
m 3 3 
A 3H+10 3H 
26. B= 1.5 27. t= , Or +5 a 
T 2 2 1+hm 


29. About $15.9 billion 30. $5.4billion 31. Length: 7 ft; 
width: 5ft 32. 1.5hr;3hr 33. Equivalent expressions have 
the same value for all possible replacements. Any replacement 
that does not make any of the expressions undefined can be 
substituted for the variable. Equivalent equations have the same 
solutions(s). 34, Answers may vary. A walker who knows how 
far and how long she walks each day wants to know her average 
speedeachday. 35. Answers may vary. A decorator wants to 
have a carpet cut for a bedroom. The perimeter of the room is 
54 ft and its length is 15 ft. How wide should the carpet be? 

36. We can subtract by adding an opposite, so we can use the 
addition principle to subtract the same number on both sides 
of an equation. Similarly, we can divide by multiplying by a 
reciprocal, so we can use the multiplication principle to divide 
both sides of an equation by the same number. 37. The 
manner in which a guess or an estimate is manipulated can give 
insight into the form of the equation to which the problem will 
betranslated. 38. Labeling the variable clearly makes the 
Translate step more accurate. It also allows us to determine 
whether the solution of the equation we translated to provides 
the information asked for in the original problem. 


Translating for Success, p. 122 


1.F 21 3C 4E 5D 6J 7.0 8M 
9B 10.1 


Exercise Set 1.4, p. 123 
1. No, no,no, yes 3. No, yes, yes,no,no 5. (—o,5) 
7. [-3,3] 9. (-8,-4) 11. (-2,5) 13. (—V2, 00) 


15. {xlx > -1},or(-1,~) 17. {yly < 6}, or (—©~, 6) 
<a 


-10 0 6 
19. {ala < —22}, or (—00, —22] 


21. {tlt = —4}, or[—4, 00) 
—— 


—4 0 


Chapters R-1 A-3 


23. {yly > —6}, or(—6,00) 25. {x|x < 9}, or (—~,9] 


9 


< H 
6 0 0.4 
27. {x|x = 3}, or[3, 0) 
Hitt f+ 
0 3 
29. {x|x < —60}, or(—~,-60) 31. {xlx > 3}, or (3, ©) 
+H HHtt4 oo os 
~60 -30 0 0 3 
33. {xlx < 0.9}, or (—00,0.9] 35. {xlx < 3}, or (-00, 3 


37. {xlx < 6}, or (—©,6) 


41. {yly > §}, or (3, 00) 
45. {xlx < a}, or (— 00, 3] 
~ i}, or (- i 
53. {rir < —3}, or (—©9, —3) 
57. {yly < 5}, or(—~,5) 
61. {xlx < 8}, or (—©, 8) 


65. {x x< ae or (—0o, }}) 
69. {ala = 2}, or (-~, 2] 
189.5Ib} 73. {S|S = 84} 
77. {S|S > $7000} 79. {n|n > 25} 81. {plp > 80} 

83. {sls > 8} 85. (a) 8.2 million gal; 9.4 million gal; 

10.6 million gal; (b) years after2012 87. —9a + 30b 

88. 32x — 72y 89. —8a+ 22b 90. —6a + 17b 

91. 10(3x — 7y—4) 92. —6a(2 — 5b) 

93. —4(2x —6y + 1) 94. 5(2n - 9mn+ 20m) 95. —11.2 
96.6.6 97. —11.2 98.6.6 99. (a) {plp > 10}; 

(b) {p|p < 10} 101. True 103. All real numbers 

105. All real numbers 


r 
39. {yly = —3}, or (- 
43. {x|x = 11.25}, or [11.25, 00) 
7. {yly S$ —F}, or (—c0, ~ 3 
51. {m|m = 3h or £00 ) 
55. {xlx = 2}, or[2, 0) 
59. {xlx < 4h, or (—0o | 
63. {xlx > Blo Wee oo) 
67. {xlx > — Sh}, or [— 31, 00) 
71. {W|W < (approximately) 
75. {B|B = $11,500} 


00,3] 


oO, 


Exercise Set 1.5, p. 137 

1. {9,11} 3. {b} 5. {9,10,11, 13} 
9.2 11. {3,5,7} 

13. <++-++ +4 4S; (-4, 1] 


7. {a, b,c, d, f, g} 


—4 ol 
15. tt++++++++++}>; (1,6 
BE 01 6 ( ) 


17. {x|-4 = x < 5}, or[—4,5); a eae a 
19. {x|x = 2},or[2,~); 21.2 

0 2 

23. {x|-8 < x < 6}, or(-— 
25. {x|-6 < x < 2}, or(-— 
27. {x|-1 < x = 6}, or(-— 
29. aes ae 


35. ieee aca) 
a7. {x|-3 = x = 9}, or[-3,9] 
H+ ; (— ©, —2) U (1, ©) 


-2 ol 


41 ——oh e+ +>; (—00, 3] U (1, %) 
43. {xlx < —5orx > —1}, or (—~, —5) U(-1, 0%); 
aL Be SL GS 
—5 -10 


45. {xlx <3orx= 4}, or (—00, 3] U[4, co); 


A-4 Answers 


51. All real numbers, or (—©o, co) 
53. {xlx < Fg > 2}, or (—00, —4) U (2, 00) 

55. {xlx < a orx > ae or ( co, 2) U (2 co) 

57. {xlx = -4 Sorx = eae or ( oo, 3] U[P, «) 

59. {dl0ft < d <= 198 ft} 61. Between 23 beats and 27 beats 
63. {W|140.2 lb < W < 188.8 lb} 
65. {d|250 mg < d < 500 mg} 


67. 3.2 68.12 69. 2 


32y%0 20b 4al7 
12,22 
70. 0 71. “20 72. 77 aT 74, 25p!*q 
a 
75. 76. 25p!%q® 77. {x|-4 < x < 1}, or (-4,1] 


8b® 
79. {xl2 <x =< $},or[2,$] 81. {xl-} < x < 3}, or (-3,3) 
83. {x|10 < x <= 18},or(10,18] 85. True 87. False 
89. All real numbers; @ 


Exercise Set 1.6, p. 148 


2 x 
1. 9[x| 3. 2x25. 2x? 7. Bly| 399. — 11. — 
| lyl 


13. 4|x| 15. 
25. {-3,3} 27.2 


17.38 19.19 21.63 23.5 
29. {0} 31. {-9,15} 33. {3,3} 

35. {-3,3) 37. {-11,11} 39. {—291, 291} 

41. {-8,8} 43. {-7,7} 45. {-2,2} 47. {-7,8} 

49, {-12,2} 51. {-3,7} 53.0 55. {-8,-3} 

57. {-4,3} 59. {3} 61. {5,-3} 

65. {3} 67. {33,0} 69. {32,3} 

or(—3,3) 73. {x|x < —2orx = 2}, or(- 

75. {xl0<x< 2},or(0,2) 77. {xl-6 =x < —2}, or 

[-6,-2] 79. {xl-3 <x< ae or [— | 81. {yly < —3or 

y > ¥}, or ( oo, 3) U(¥, 00) 83. {x| x = -8orx = 3}, or 

85. {y|-9 < y < 15}, or (—9, 15) 


87. {x - <x< x}, or [-3,3| 89. {yly < —tory > 4}, or 


63. All real numbers 
71. {x|-3 < x < 3}, 
00, —2] U[2,00) 


(—o0, -) U (4, 00) 91. eae: = —2orx = cae or 
(—00, —$] U[33, 00)93 : {x|-2 <x< 6}, or (—$,6) 
95, {rx = ~Borx = 8}, or (ce, S]U[S, co) 


97. {x|—5 < x < 19}, or (—5, 19) 
99. {x x= Zorx = = ae or ( oo, 2 U fe 00) 

101. {m|-12 = m < 2}, or[-12,2] 103. {x|} = x = $},or 
[5.3] 105. {x|-1 =x = 2},or[-1,2] 107. Union 

108. Disjoint 109. Atleast 110. [a,b] 111. Absolute 


value 112. Equation 113. Equivalent 114. Inequality 
115. {d|53ft<d<=63ft} 117. {x|x = —5}, or[—5, 0) 


119. {1,-j} 121. @ 123. Allreal numbers 
125. |x| <3 127. |x] =6 129. |x +3) >5 


Summary and Review: Chapter 1, p. 152 


Concept Reinforcement 


1. True 2. False 3. False 
7. True 


4. False 5. True’ 6. False 


Important Concepts 


1. 8 ap 
& 


3. {yly < —2}, or (—00, —2); 
<eHS +4 
2° 0 
4. {z|-2 =< z <1}, or[-2,1); 
| +4 
2°01 


5. {z|z < -lorz = 1}, or(- 
a 


=1 01 
6. {-3,2) 7. {3,-3} 8 (@) {x|-4 <x < 1}, or (-4,1); 
(b) {xlx <-orx= 2}, or (— oe ,— 2] U[2, 00) 


oo, -1) U[1, %); 


Review Exercises 
3 22 il 
1.8 25 3.2 4-4 5-02 6.5 
A-— 2a 2a—A 


7.d=3(C-3) 8 b=——or— 9. 185 and 186 
10.15m,12m_ 11. 160,000 12. 40sec 13. [—8,9) 
14, (—00,40] 15. pe RR HH 3 (- ©, -2] 
=2 0 
WH; (1, 00 
16 i (1, 00) 


17. {ala = —21}, or (- 


o0,-21] 18. {yly = —7}, or[—-7, 00) 
19. {yly > —4}, or (—4, 00 
3, 00 


20. {yly > —30}, or (—30, 0) 


21. {x|x > —3}, or (- 22. {yly < —$}, or (— oo, -§] 
23. {x|x < —3},or(—oo,-3) 24. {yly > —10}, or (—10, 00) 
25. {xlx < —3},or(—00,-3] 26. {tlt > 4} hr} 
27. $10,000 28. pet > 5 [-2,5) 
29, tt ; (— 00, —2] U (5, 00) 

-2 0 5 


30. {1,5,9} 31. {1,2,3,5,6,9} 32.2 
33. {x|-7 < x < 2},or(-7,2] 34. {x|-§ ne and 3}, or (—3,3) 
35. {xlx < —3 orx > 1},or(—0co, —3) U (1, «) 
36. {x|x < —llorx = —6}, or (—0o, -11) U[-6, co) 
37. {xlx < —6 orx = 8}, or (—o%, —6] U[8, &) 
3 lx 4 
39. zi 40. 
|x| y ly| 
41.62 42. {-6,6} 43. {-5,9} 44, {-14,4 
45.2 46. {x|-? < x < 5}, or(-43,3) 
47. {x|x < —3.5 orx = 3.5}, or (—00, —3.5] U[3.5,00) 
48. {xlx < ut orx= ae or ( oo, 2) UB, 09) 49. © 
50.B 51.A 52, {x|-$ = x = -2}, or[—§,-2] 


38. 


Understanding Through Discussion and Writing 


1. When the signs of the quantities on either side of the 
inequality symbol are changed, their relative positions on the 
number line are reversed. 2. The distance between x and —5 
is |x — (—5)|, or |x + 5|. Then the solutions of the inequality 

|x + 5| = 2can be interpreted as “all those numbers x whose 
distance from —5 is at most 2 units.” 3. When b = c, then the 
intervals overlap and [a,b] U [c,d] = [a,d]. 4. The solutions 
of |x| = 6 are those numbers whose distance from 0 is greater 
than or equal to 6. In addition to the numbers in [6, ©), the 
distance of the numbers in (—0o, —6] from 0 is also greater than 
or equal to 6. Thus, [6, ©) is only part of the solution of the 
inequality. 5. (1) -9(x + 2) = —9x — 18, not —9x + 2. 

(2) This would be correct if (1) were correct except that the 
inequality symbol should not have been reversed. (3) If (2) 
were correct, the right-hand side would be —5, not 8. (4) The 
inequality symbol should be reversed. The correct solution is 


7 — 9x + 6x < —9(x + 2) + 10x 
7 — 9x + 6x < —9x — 18 + 10x 
7-—3x<x-18 
—4x < —25 
x > 8B, 


6. By definition, the notation 3 < x < 5 indicates that3 < x 
and x < 5. Asolution of the disjunction 3 < x orx < 5 must be 
in at least one of these sets but not necessarily in both, so the 
disjunction cannot be written as3 <x <5. 


Test: Chapter 1, p. 157 


1. [1.1b]}-2 2. [llc] 3. [1b] }2 4. [1.1d]4 
A+C 
5. [Lld]1.1 6, [1.ld]—2 7. [1.2a] B=] 


9. [1.3a] Length: 142 ft; width: 92 ft 
11. [1.3a] 180,000 


m 
8. [1.2a] n = ——— 
L-¢ 


10. [1.3a] 52,000 copies 
12. [1.3a] 59°,60°,61° 13. [1.3b] 22 hr; 4 hr 
14. [1.4b] (—3,2] 15. [1.4b] (—4, ©) 


16. Lac] +++ +t > (— 00, 6] 
0 
17, [Ao] ees (00, 2] 


18. [1.4c] {x|x = 10}, or[10,cc) 19. [1.4c] {yly > —50}, or 
(-50,00) 20. [1.4c] {ala = 3}, or (-00, 2 

21. [14cl {yly > 1},or(1,00) 22, [1.4c] {x]x > 3}, or (3, 09) 
23. [1.4c] {x|x < f}, or(—0o,7] 24. [1-4] {h|h > 235 hr} 
25. [1.5c] {d|33 ft < d < 231 ft} 

26. [1.5a] a a a ea [-3, 4] 

27. [1.5b] <++-+-+4+-5+++ +++ (—00, -3) U(4, 0) 

28. [1.5a] {x|x = 4},or[4,00) 29. [1.5a] {x|-1 < x < 6}, or 
(-1,6) 30. [1.5a] {x|-2 < x = 3}, or (—2,3] 

31. 1.5b] {x|x < —4orx > 2}, or ( 00, 4) U( 3, 00) 


32. [1.5b] All real numbers, or (—°o, co) 
33. [1.5b] (rlx <Sorx> 6}, or(-20,3) U (6,20) 
34. [1. 6a] ~- — 35. [1.6a] 2|x| 36. [1.6b] 8.4 


|x| 

37. [1.5a] {3,5} 38. [1.5b] {1,3,5, 7,9, 11,13} 

39. [1.6c] {-9,9} 40. [1.6c] {-6,12} 41. [1.6d] {1} 
42. [1.6c]@ 48. [1.6e] {x|—0.875 < x < 1.375}, or 
(—0.875,1.375) 44. [1.6e] {x|x < —3 orx > 3}, or 
(—00,-3)U(3,00) 45. [1.6e] {x|-99 = x <= 111}, or 
[-99,111] 46. [1.6e] {xlx =< —Zorx = Zh, or 
(—co,-B]U[Z00) 47. [1.1d]C 48. [1.6e] @ 

49. [1.5a] {x|4 <x< 4h, or (3,4) 


CHAPTER 2 

Calculator Corner, p. 164 

1. X Yi 2 X Yi 
4 =1 
= 3.5 =1 -4 
10) 3 0 —5 
| 25 1 —4 
2 2 2 =A 
3 1.5 3 4 
4 1 4 11 
X=-2 X=-2 


Calculator Corner, p. 168 
1. y= 2x-1 2: 


Chapters 1-2 A-5 


—10 


7. y = 3.104x — 6.21 
10 


~10 


Exercise Set 2.1, p. 168 


1. Second 3. 
axis 


5. Yes 7. Yes 9. No 


ll. y=4-<x 
5 24-(-1) 
4+ 1 
5 TRUE 
y=4-%; 
124-83 
I 1 TRUE 
13. 3x+y=7 
3:-24+127 
6+ 1 
7 TRUE 
3x y= 
3-4+(-5) 27 
12-5 
7 TRUE 


—10 


8. y = —2.98x — 1.75 
10 


~10 


Second 
axis 


Triangle 
Area = 21 
square 
units 


First 


yA 
(—1, 5) (1, 3) 
(3, 1) 
x 
yA 
(2, 1) 
(4, —5) 
y 
(3, 5) 


(—l, —3) 


6-3 
3 TRUE 
6x — 3y = 
6(—1) — 3(-3) ? 3 
-6 +9 
3 TRUE 
17. y 19. 


y=x-1 


A-6 Answers 


21 23. 25 
y* y* y 
y=3-x 
= x x x 
ly = 5x — 2: 
27 29. 31 
yA Vy y 
iueaee y=—3r-2 
> > 
x x x 
y=grtl xty=5 
33. 37. 
yy yA 
: ilias: sssee > 
* x 
x+2y=8 8y + 2x =4 
39. 43 
aN 


y 
yo Na, 


8y+ 2x =—-4 


yy yy y" 


RY 
RY 


y=|e—2| 


53. {xl <x <8}, or(1, 4] 


54, {x|x > —3}, or(-3,00) 55. {xlx < -lorx= 2) or 
(—00, -3] U[Z, 09) 56. {x|-6 < x < 6}, or (-6,6) 
57. Kidney: 78,170 people; liver: 15,848 people 


58. 25ft 59. 43 mi 60. $330,000 
61. y=x3-3x+2 63. y= 1/(«-2) 
10 10 
-10 10 -10 10 
710 -10 


65.y=-x+4 67. y= |x| -3 


Calculator Corner, p. 177 
1-133 2.-144 3.14 4 34 


Calculator Corner, p. 179 


1. y=x-4 2. y= —2x-—3 
10 10 
- ; tc} 
-10 -10 
3 y=1-x? 4 y= 3x2-4x4+1 
10 10 
: ; tH 
“10 “70 
5 y=x3 6. y=|x+3| 
10 10 
: : al 
-10 -10 


Exercise Set 2.2, p. 182 


1. Yes 3. Yes 5. No 7. No 9. Yes’ 11. No 

13. Yes 15. (a) 9; (b) 12; (c) 2; (d) 5; (e) 7.4; (f) 5% 

17. (a) —21; (b) 15; (c) 2; (d) 0; (e) 184; (f) 3a +3 19. (a) 7; 
(b) —17; (c) 6; (d) 4; (e) 3a — 2; (f)3a+3h+4 = 21. (a)0; 
(b) 5; (c) 2; (d) 170; (e) 65; (f) 32a2 — 12a —-23. (a) 1; (b) 3; 

(c) 3; (d) 11; (e) |a — 1] + 1; |a + hl +1 25. (a) 0; (b) -1; 


(c) 8; (d) 1000; (e) —125; (f) -27a* 27. 2003: about 61 yr; 2009: 


about 63 yr 29. 132atm;1;2atm;45atm 31. 1.792 cm; 
2.8 cm; 11.2 cm 


33. 35. 37. 
J: yy y 
f(x) = —2x g(x) =-2x +3 
x x x 
f(x) = 3x -1 
39. 41. 43. 
yy yy yA 
f(x) =2— |x| ei 
ier > > > 
x x x 
f@)=5x+1 aon ge) = 1 
45. 47. y 


f(x) =x°-x-2 
49. y 51. 
f(x) =2-x? 


ys 
{> 
x 
f(x) =x° +1 


53. Yes 55. Yes 57. No 59. No 61. About 1150 
stations 63. About 1.9 billionimages 65. Quadrants 
66. Relation 67. Function; domain; range; domain; range 
68. Graph 69. Inputs 70. Solutions 71. Addition 
principle 72. Vertical-line test 73. g(—2) = 39 

75. 26:99 77. g(x) =Bx-# 


Exercise Set 2.3, p. 191 

1. (a) 3; (b) {—4, —3, —2, —1,0, 1, 2}; (c) —2, 0; (d) {1, 2, 3, 4} 

3. (a) 23; (b) [-3, 5]; (©) 24; (d) [1,4] 5. (a) 24; (b) [—4, 3]; 

(c) 0; (d)[—5,4] 7. (a) 1; (b) all real numbers; (c) 3; (d) all real 
numbers = 9. (a) 1; (b) all real numbers; (c) —2, 2; (d) [0, ~©) 
11. (a) —1; (b) [—6, 5]; (c) —4, 0,3; (d)[-2,2] 13. {xlxisa 
real number and x # —3}, or (—%, —3) U(—3, &) 

15. Allrealnumbers 17. Allrealnumbers 19. {x|xis a 
real number and x at or ( oo, 14) U (=, 00) 21. All real 


numbers 23. {xlx is areal number and x # zt, or 

—co, 7} U (, oo) 25. {x|xis areal number and x # 1}, or 
(—oc0,1)U(1,0%) 27. Allrealnumbers 29. All real 
numbers 31. {x| xis a real number and x # 3}, or 

(—00, 3) ie (3, oo) 33. Allrealnumbers 35. {x\x is a real 
number and x aI, or ( oo, 3) U( 3, oo) 37. —8;0;—2 
39. {S|S > $42,500} 40. {xlx=90} 41. {—8,8} 
42. { },or@ 43. {-4,18} 44. {-8,5} 45. {3,3} 
46. {-1,75} 47. { },0r® 48. {3} 49. (—00,0) U(0, 00); 
[2,0©);[—4, 0©);[0,00) 51. All real numbers 


Mid-Chapter Review: Chapter 2, p. 193 
1. True 2. False 3. True 4. True 5. False 


6. 7 5 y | 7. @ 7 f(x) | 
(0) 1 =2 (0) 
2 | -2 =20r3 0 
=2 4 0} -6 
4|-5 2 —4 
—_ -1| -4 
1} -6 

I 

8. No 9. Yes 10. Yes 11. No 


12. Domain: {x|—3 = x < 3}, or [—3, 3]; 

range: {y|-2 <y<l},or[-2,1] 13.-3 14. -7 

15. 8 16. 9 17. 9000 18. 0 19. Yes 20. No 

21. Yes 22. {x|x is areal number and x # 4}, or 

(—o0,4) U(4,00) 23. Allrealnumbers 24. {x|x is areal 


number and x 2},or(—0o0, -2) U(-2,00) 25. Allreal 
numbers 
26. 27. 28. 
y y YA 
y= -2x -2 
> 
x x 
h(x) = 2x + 3 
29. 31. 
y VR 
. pa 
x x x 
g(x) = |x| - 3 F(x) = -4x 


Chapter 2 A-7 


32. No; since each input has exactly one output, the number 
of outputs cannot exceed the number ofinputs. 33. When 

x < 0, then y < 0 and the graph contains points in quadrant III. 
When 0 < x < 30, then y < 0 and the graph contains points in 
quadrant IV. When x > 30, then y > 0 and the graph contains 
points in quadrant I. Thus the graph passes through three 
quadrants. 34. The output —3 corresponds to the input 2. 
The number —3 in the range is paired with the number 2 in the 
domain. The point (2, —3) is on the graph of the function. 

35. The domain of a function is the set of all inputs, and the 
range is the set of all outputs. 


Calculator Corner, p. 195 


1. The graph of yz = x + 4is the same as the graph of y; = x, 
butitismovedup4units. 2. The graphofy3 = x — 3is the 
same as the graph of y; = x, but it is moved down 3 units. 

3. The graph of y = x + 8 will be the same as the graph of 

y1 = x, but it will be moved up 8 units. The graph of y = x — 5 
will be the same as the graph of y; = x, but it will be moved 
down 5 units. 


Calculator Corner, p. 199 

1. The graph of y = 10x will slant up from left to right. It will be 
steeper than the other graphs. 2. The graphofy = 0.005x 
will slant up from left to right. It will be less steep than the other 
graphs. 3. The graph ofy = —10x will slant down from left to 
right. It will be steeper than the other graphs. 4. The graph of 
y = —0.005x will slant down from left to right. It will be less 
steep than the other graphs. 


Exercise Set 2.4, p. 204 
1. m = 4; y-intercept: (0,5) 
5. m = —3; y-intercept: (0, 


3. m = —2; y-intercept: (0, —6) 
-4) 7 m=05; 

y-intercept: (0, —9) =%; y-intercept: (0, —§) 

11. m = 3; y-intercept:(0,—-2) 13. m= —8; 

y-intercept: (0,12) 15. m = 0; y-intercept: (0 iB) 
17,m=-5 19.m= 5 21.m=2 23.m=2 
25.m=—-} 27. £,0r8% 29. 33, or about 31.7% 

31. The rate of change is —2.55 deaths per year. 33. The rate 
of change is —$900 per year. 35. The rate of change is 4313.4 
servicemen per year. 37. —1323 38. 45x + 54 


39. 350x — 60y + 120 40. 25 41. Square: 15 yd; 
triangle: 20 yd 42. {xx < -4orx= 8}, or 
(—00, -4]U[8,00) 43. {x he ie Ble r(-%,8) 
44. {-% 8h 45. { },or@ 
Calculator Corner, p. 207 
1. y = —3.2x — 16 2. y = 4.25x + 85 
5 100 
—10 10 
—25 5 
—20 ee} 
Xscl = 1, Yscl = Xscl = 5, Yscl = 5 
3. y = (—6x + 90)/5 4. = (5x — 30)/6 
25 10 
—10 10 
=5. 25 
~5 —10 


Xscl = 5, Yscl = 5 


A-8 


Answers 


7 y=1.2x-12 8. 
5 


20. 
Xscl = 2, Yscl = 


Visualizing for Success, p. 213 


1.D 2I3I 3H 4C 5. F 
9.E 10.J 
Exercise Set 2.5, p. 214 
1. 3. 
yA YA 


Xscl = 2, Yscl = 1 
= (4% = 


a 


6A 7G 8&B 


(1,0) 


17. 


21. 


x+2y=4 


4x — 3y =12 


25. aN 27. y 


Ife) = 2x —4 poirot 8 gaia 
x x 
29. Not defined 31. m=0 
y y 
<——_—__————> x 
y= 1 
35. m=0 
y yh 
x ee 
x 
f(x) = -6 
—_—_—_—_ 
37. m=0 39. Not defined 
YK y 
7 — 3x =4 + 2x 
SS 
x 
—— OO 
2+ f(x) +5=0 


41. Yes 43. No 45. Yes 47. Yes 49. Yes 51. No 
53. No 55. Yes 57.5.3 X10!9 58. 4.7 x 10°59 

59. 1.8x 102 60. 9.9902 x 10’ 61. 0.0000213 

62. 901,000,000 63. 20,000 64. 0.085677 65. 3(3x — 5y) 
66. 3a(4+ 7b) 67. 7p(3-—q+2) 68. 64(x — 2y + 4) 
69.y=3 7l.a=2 73. y=2x+2 75. y=0;yes 
77. m=-—? 79. (a) Il; (b) IV; (c) J; (@) I 


Exercise Set 2.6, p. 226 
hy=-8x+4 3 y=23x-1 5. f(x) =—-ix-5 


7. f(x) =§x+2 9% y=5x-17 lL. y=—3x + 33 
13.y=x-6 15 y=-2x+16 17.y=-7 
19. y=2x-8 21.y=3x+4 23. y=x 
25.y=ixt+7 27% y=3x 29% y= sx 
3l.y=13x-% 33.y=-}x+¥ 35. y=3x-¥ 
B7.y=4xt+4 39%y=3x+4 Al. y=ix-6 
43. y=3x+9 45. (a) C(t) = 40¢ + 85; 
(b) 5 (c) $345 

3 

z 

& 


t—+_+_++—+_+ +++ 
12345678910 ¢ 
Number of hours of moving 


47. (a) V(t) = 750 — 25¢; 
(b) YR 3 (c) $425 


$800 4 


700 + 
600 + 
500 + 
400 + V(t) = 750 — 25t 


Value 


300 4 
200 4 
100 + 


tot oe 
1234567 89101112131415 ¢ 
Number of months since purchase 


49. (a) W(x) = 379.6x + 2862; (b) 4001 cases; 12,352 cases 
51. (a) D(x) = —231.88x + 24,026; (b) 21,939 dealerships; 
(c) about 26 yr after 1991, or in 2017 

53. (a) M(t) = 0.236¢ + 71.8; (b) about 75.8 yr 

55. {xlx > 24}, or (24,00) 56. {—27, 24} 

57. {xlx < 24}, or(—00,24] 58. {xlx = ae or [3 oo) 
59. {x|-8 = x = 5}, or[—8,5] 60. {—7,3} 

61. { },orD 62. {x|-f =x < 24}, or[-F, 24) 


Summary and Review: Chapter 2, p. 229 


Concept Reinforcement 
1. False 2. True’ 3. False 


Important Concepts 


3. g(0) = —2;g(-2) = —3;g(6) =1 4. Yes 
5. Domain: [ —4, 5]; range: [ —2 
and x 3}, or (—o0, —3) U 


9 y 1 
(3, 2) 
(0, 1) 
(—3, 0) 
3y -3=x 
11. r 12. is 


13. Parallel 14. Perpendicular 15. y = —8x + 0.3 
16.y=-4x-1 172 y=-8x+2 IWy=5x-2 
19. y= —3x > Z 


Review Exercises 
1. 3x -—y=2 
3-0-—(-2) 22 
0+ 2 
2 TRUE 
3x —-y=2 
3(-1) — (-5) 2 2 
—-3+5 
2 TRUE 


Chapter 2 A-9 


y= -3 


6. No 7. Yes 8. g(0) = 5;g(-1) =7 

9. f(0) = 7;f(-1) = 12 10. About $6810 11. Yes 
12, No 13. (a) f(2) = 3; (b) [-2, 4]; (© -1; @ [1,5] 
14. {x|x is areal number and x # 4}, or (—00, 4) U(4, 00) 
15. Allrealnumbers 16. Slope: —3; y-intercept: (0, 2) 


17. Slope: —4; y-intercept: (0,2) 18. m=} 
19. 20. 
y y 
H 3) (6,3) 
4,0) SS 
2y =6 - 3x 
2y +x=4 
22. 23 
yy y y 
f)=3x+3 0 x= -3 fOr 
liaanb = 


25. Perpendicular 26. Parallel 27. Parallel 

28. Perpendicular 29. f(x) =4.7x —- 23 30. y= —3x +4 
Bl.y=-3x 32y=-8x+9 33 y=4xt+} 

34. (a) R(x) = —0.064x + 46.8; (b) about 44.37 sec; 44.24 sec 
35.C 36.A 37. f(x) = 3.09x + 3.75 


Understanding Through Discussion and Writing 

1. A line’s x- and y-intercepts are the same only when the line 
passes through the origin. The equation for such a line is of the 
formy = mx. 2. The concept of slope is useful in describing 
how a line slants. A line with positive slope slants up from left to 
right. A line with negative slope slants down from left to right. 
The larger the absolute value of the slope, the steeper the slant. 
3. Find the slope—intercept form of the equation: 


4x + 5y = 12 
Sy = —4x + 12 
= 2544 
i 


This form of the equation indicates that the line has a negative 

slope and thus should slant down from left to right. The student 

may have graphed y = tx + z, 4. For R(t) = 50t + 35, 

m = 50 and b = 35; 50 signifies that the cost per hour of a repair 

is $50; 35 signifies that the minimum cost of a repair job is $35. 
change in y 

5. m= ——__._ 

change in x 

As we move from one point to another on a vertical line, the 

y-coordinate changes but the x-coordinate does not. Thus the 

change in y is a nonzero number whereas the change in x is 0. 

Since division by 0 is undefined, the slope of a vertical line is 

undefined. 

As we move from one point to another on a horizontal line, 
the y-coordinate does not change but the x-coordinate does. 
Thus the change in y is 0 whereas the change in x is a nonzero 
number, so the slopeis0. 6. Using algebra, we find that 


A-10 Answers 


the slope-intercept form of the equation is y = 3x = 3. This 
indicates that the y-intercept is (0, _ 3), so a mistake has been 
made. It appears that the student graphed y = ox + =. 


Test: Chapter 2, p. 238 


1. [2.1b] Yes 2. [2.1b] No 
3. [2.1c 4. [2.2c] 


y y 


7. [2.5c] 8. [2.5c] 
y* y 
2x =-4 
x x 
—— 
y=) =-3 


9. [2.2e] (a) 8.666 yr; (b) 1998 10. [2.2a] Yes 

11. [2.2a] No 12. [2.2b] —4;2 13. [2.2b] 7;8 

14, [2.2d] Yes 15. [2.2d] No 16. [2.3a] {x|x is areal 
number and x 3 or ( oo, 3 U 3, oo) 17. [2.3a] All 
realnumbers 18. [2.3a] (a) 1; (b) [ —3, 4]; (c) —3; (d) [-1, 2] 
19. [2.4b] Slope: —3; y-intercept: (0, 12) 

20. [2.4b] Slope: —£; y-intercept: (0, -t) 21. [2.4b] m = 3 
22. [2.4b] m =0 23. [2.4c] m (or rate of change) = ¢km/min 
24. [2.5a] 25. [2.5b] 


x-intercept 
(3, 0) 


> 
x 


2x + 3y=6 


26. [2.5d] Parallel 27. [2.5d] Perpendicular 

28. [2.6a]) y= —3x + 4.8 29. [2.6a] f(x) = 5.2x — 3 

30. [2.6b]y = —4x +2 31. [2.6cly = —3x 

32. [2.6dly=3x—-3 33. [2.6d])y =3x-1 

34. [2.6e] (a) A(x) = 0.122x + 23.2; (b) 27.84 yr; 28.69 yr 
35. [2.6b]B 36. (2.6d] # 37. [2.2b] f(x) = 3; answers 
may vary 


Cumulative Review: Chapters 1-2, p. 241 
1. [2.6e] (a) R(x) = —0.006x + 3.85; (b) 3.50 min; 3.49 min 
2. [2.3a] (a) 6; (b) [0, 30]; (c) 25; (d) [0,15] 3. [1.1b] —22 
4. [ld] 5. [1.1cl20 6. [1.1d])-4 7. [1.1d] -5 
W — By 
8. [1.1d] Nosolution 9. [1.2a] x = a 
10. [1.2a] A = M 11. [1.4c] {yly = 7}, or (—09, 7] 
1+ 4B , , 
12, [1.4c] {xlx < —3}, or(—00,-3) 13. [14e] {xlx > -F}, 
or (-yp 00) 14. [1.5b] All real numbers 
15. [1.5a] {x|-7 < x = 4}, or (-7,4] 
16. [1.5a] {x|-2 < x =< 3}, or[-2,3] 17. [1.6c] {-8, 8} 
18. [1.6e] {yly < —4 ory > 4}, or (—00, —4) U(4, 00) 
19. [1.6e] {x|-3 < x =< 2}, or[-3,2| 
20. [2.6d]) y= —4x — 22 21. [2.6d)y=4x—-5 


22. [2.1c] 23. [2.5a 24. [2.5c] 
y y y 
3x = 2y +6 4x+16=0 
> > > 
x x x 
y=-2x+3 
25. [2.5c] 26. [2.2c 27. [2.2c] 
ya 
g(x) = 5 — |x| 
x 
28. [2.4b] Slope: 3; y-intercept: (0,-3) 29. [2.4b] m = 4 


30. [2.6b]y = —-3x-—5 31. [2.6cly=—-px+¥ 
32. [1.3a] w= 17m,/= 23m __ 33. [1.3a] $22,500 
34. [2.5d] (1), (4) 35. [2.6e] $151,000 

36. [1.5a] {x16 < x < 10}, or (6, 10] 


CHAPTER 3 


Calculator Corner, p. 246 


1. (2,3) 2.(-4,-1) 3. (-1,5) 4 (3,-1) 


Exercise Set 3.1, p. 250 


1. (3,1); consistent; independent 3. (1, —2); consistent; 
independent 5. (4, —2); consistent;independent 7. (2, 1); 
consistent;independent 9. G —2)}; consistent; independent 
11. (3, —2); consistent; independent 13. No solution; 
inconsistent; independent 15. Infinitely many solutions; 
consistent; dependent 17. (4, —5); consistent; independent 
19. (2, —3); consistent;independent 21. Consistent; 
independent; F 23. Consistent;dependent;B 25. Inconsis- 
tent;independent;D 27. —-3 28. —-20 29. a 30. —38 
31. (2.23,1.14) 33. (3,3), (—5, 5) 


Calculator Corner, p. 254 
Left to the student 


Exercise Set 3.2, p. 257 

1. (2,-3) 3 (3,2) 5. (2,-2) 7 (-2,-6) 9. (-2,1) 
11. (3,3) 13. (3) 15. Nosolution 17. Length: 40 ft; 
width: 20ft 19. 48° and 132° 21. Wins: 23; ties: 14 


7A 3 
23.13 24. -15y-39 25. p= - 26.{ 27. -23 
28. 3 «29. m= —};b =3 31. Length: 57.6 in.; width: 20.4 in. 
Exercise Set 3.3, p. 265 
1. (1,2) 3. (-1,3)  5.(-1,-2) 7. (5,2) 9. Infinitely 


many solutions 11. (3, =) 13. (4,6) 15. Nosolution 
17. (10,-8) 19. (12,15) 21. (10,8) 23. (—4,6) 
25. (10,-5) 27. (140,60) 29. 36and27 31. 18and—15 


33. 48° and 42° 35. Two-point shots: 21; free-throws: 6 
37. Lanterns: 4; grills:8 39.1 40.5 41.3 42. 291 
43.15 44, 12a*-2a+1 45.53 46. 8.92 

47. {x|x is areal number and x 7}, or (—0o0, -7) U ( 
48. Domain: all real penabers: range: {yly = 5}, or (—©%, 


49. y=-3x-7 50. 7 51. (23.12, —12.04) 


53.4=2,B=4 55. p=2,q=—-} 


Translating for Success, p. 277 


1.G#2E 3D 4A 5J 6B 7.C 8&1 
9.F 10.H 


Exercise Set 3.4, p. 278 


1. 32 brushes at $8.50; 13 brushes at $9.75 3. Humulin: 21 
vials; Novolin: 29 vials 5. 30-sec: 4;60-sec:8 7. 5lbofeach 
9. 25% acid:4L;50% acid:6L 11. 10 silk neckties 

13. $7500 at 6%; $4500 at9% 15. Whole milk: 16933 lb; 
cream: 3033 Ib 17. $5 bills: 7; $1 bills:15 19. $7400 at 5.5%; 
$10,600 at4% 21. 375mi 23. 14km/h = 25. 144mi 

27. 2hr 29. 1; hr 31. About1489mi 33. —7 34. —-11 
35. -3 36.33 37. -15 38. 8a—7 39. —23 

40.0.2 41. —-4 42. -17 43. -12h—7 44. 3993 

45. 45L 47. City: 261 mi; highway: 204 mi 

49. Brown: 0.8 gal; neutral: 0.2 gal 


Mid-Chapter Review: Chapter 3, p. 282 
1. False 2. False 3. True 4. True 
5. x + 2(x — 6) =3 

x+2x-12=3 


3x -—12 =3 
3x = 15 
x=5 
y=5-6 
y=-l 


The solution is (5, —1). 


6. 6x — 4y = 10 
2x + 4y = 14 
8x = 24 

x=3 


2-3+4y=14 
6+ 4y = 14 
4y =8 
y=2 
The solution is (3, 2). 
7. (5, —1), consistent; independent 8. (0,3); consistent; 
independent 9. Infinitely many solutions; consistent; 


dependent 10. No solution; inconsistent; independent 
11. (8,6) 12. (2,-3) 13. (-3,5) 14. (-1,-2) 
15. (2,-2) 16. (5,-4) 17. (-1,-2) 18. (3,1) 


19. Nosolution 20. Infinitelymanysolutions 21. (10, —12) 
22. (—9,8) 23. Length: 12 ft; width: 10 ft 24. $2100 at 2%; 
$2900 at3% 25. 20% acid: 56 L; 50% acid:28L 26. 26mph 
27. Graphically: 1. Graphy = 4x + 2andy = 2x — 5 and find 
the point of intersection. The first coordinate of this point is the 
solution of the original equation. 2. Rewrite the equation as 
4x + 7 = 0.Then graph y = 4x + 7 and find the x-intercept. 
The first coordinate of this point is the solution of the original 
equation. 

Algebraically: 1. Use the addition and multiplication principles 
for equations. 2. Multiply by 20 to clear the fractions and then 
use the addition and multiplication principles for equations. 
28. (a) Answers may vary. 


x+y=1, 
x-y=7 
(b) Answers may vary. 


x+ 2y=5, 
3x + 6y = 10 


(c) Answers may vary. 


x — 2y =3, 
3x -— 6y =9 
29. Answers may vary. Form a linear expression in two variables 
and set it equal to two different constants. See Exercises 10 and 
19 in this review for examples. 30. Answers may vary. Let any 
linear equation be one equation in the system. Multiply by a 


Chapters 2-3 A-11 


constant on both sides of that equation to get the second 
equation in the system. See Exercises 9 and 20 in this review 
for examples. 


Exercise Set 3.5, p. 289 


1. (1,2,-1) 3. (2,0,1) 5. (3,1,2) 7. (-3,—4,2) 
9. (2,4,1) 11. (-3,0,4) 13. (2,2,4) 15. (3,4, -6) 
17. (-2,3,-1) 19. (3,5,4) 21. (3,-5,8) 23. (15, 33, 9) 
F 
25. (4,1,-2) 27. (17,9,79) 28. a= 
— 4b tc — 2F 2F 
sate 6 = 2 30. d : , Orc 
4 4 t t 
2F+td 2F c — Ax 
aoe Or ta 32. y= B 


AX —, 
33. y= = 34. Slope: -% y-intercept: (0, —§) 


35. Slope: —4; y-intercept: (0,5) 36. Slope: 2; y-intercept: 
(0,-2) 37. Slope: 1.09375; y-intercept: (0, —3.125) 
39. (1, —2, 4, -1) 


Exercise Set 3.6, p. 294 

1. Reading: 502; math: 515; writing: 494 3. 32°, 96°, 52° 

5. —7,20,42 7. Automatic transmission: $865; power 
door locks: $520; air conditioning: $375 9. Small: 10; 
medium: 16; large:8 11. First fund: $45,000; second fund: 
$10,000; third fund: $25,000 13. Dog: $200; cat: $81; bird: $9 
15. Roast beef: 2; baked potato: 1; broccoli:2. 17. A: 1500 
lenses; B: 1900 lenses; C: 2300 lenses 19. Par-3: 6 holes; par-4: 
8 holes; par-5:4 holes 21. Two-pointers: 32; three-pointers: 5; 
foulshots:13. 23. Atmost 24. Emptyset 25. Linear 
26. Negative 27. Consistent 28. Perpendicular 

29. y-intercept 30. Horizontal 31. 180° 33. 464 


Visualizing for Success, p. 308 


1D 2B 3E 4C 51 6G 7.F 8& H 
9A 10. J 


Exercise Set 3.7, p. 309 


1. Yes 3. Yes 
5. 7. 9. 
yy y y 
7 a 
y > 2x i 4 y>x—2 a 
: t 
+ ' 
iV. 
7 x 
7 
7 
7 
v 
11. 
yA 
® 
N 
a 
= 
N 
N 
~ 
tp, > 
: eX 
N 
xty<4 
17. 
y y of 
: UN 
| >2 
Bx—2<5x+y xe5 | y, 
i <----j-- > 
: Vy 
H x Li %& x 
| 
I 
| 
v. 


A-12 Answers 


23. 


43,72 44,- 45.-2 46.2 47.-12 48, 38 
49.2 50.3 51.1 52.8 53.4 54. |2 —2al,or 


2|1-—al 55.6 56.0.2 
57. w > 0, w 
h>0, 
w+h-+ 30 S 62, or 
wt+h = 32, 
2w + 2h + 30 < 130, or 
wt+hs50 


Summary and Review: Chapter 3, p. 313 


Concept Reinforcement 
1. False 2. True 3. True 4. False 


Important Concepts 


1. (4,1); consistent; independent 2. (—1,4) 
4. (3, -5, 1) 


Review Exercises 


1. (—2,1); consistent;independent 2. Infinitely many 
solutions; consistent; dependent 3. No solution; 
inconsistent; independent 4. (1,-1) 5. Nosolution 

6. (2,-4) 7. (6,-3) 8. (2,2) 9. (5, -3) 

10. Infinitely many solutions 11. CD: $18; DVD: $34 

12. 5Lofeach 13. 54hr 14. (10,4,-8) 15. (—1,3, —2) 


16. (2,0,4) 17. (2,3,—3) 18. 90°, 673°, 223° 
19. $20 bills: 5; $5 bills: 15; $1 bills: 19 
20. 21. 


2x+ 3y<12 


24. 


26.C 27. A 28. (0,2) and (1,3) 


Understanding Through Discussion and Writing 


1. Answers may vary. One day, a florist sold a total of 23 hanging 
baskets and flats of petunias. Hanging baskets cost $10.95 each 
and flats of petunias cost $12.95 each. The sales totaled $269.85. 
How many of each were sold? 2. We know that Eldon, Dana, 
and Casey can weld 74 linear feet per hour when working 
together. We also know that Eldon and Dana together can weld 
44 linear feet per hour, which leads to the conclusion that Casey 
can weld 74 — 44 or 30 linear feet per hour alone. We also know 
that Eldon and Casey together can weld 50 linear feet per hour. 
This, along with the earlier conclusion that Casey can weld 30 
linear feet per hour alone, leads to two conclusions: Eldon can 
weld 50 — 30, or 20 linear feet per hour alone, and Dana can 
weld 74 — 50, or 24 linear feet perhouralone. 3. Letx = the 
number of adults in the audience, y = the number of senior 
citizens, and z = the number of children. The total attendance 
is 100, so we have equation (1), x + y + z = 100. The amount 
taken in was $100, so equation (2) is 10x + 3y + 0.5z = 100. 
There is no other information that can be translated to an 
equation. Clearing decimals in equation (2) and then 
eliminating z gives us equation (3), 95x + 25y = 500. Dividing 
by 5 on both sides, we have equation (4), 19x + 5y = 100. 

Since we have only two equations, it is not possible to eliminate z 
from another pair of equations. However, in 19x + 5y = 100, 
note that 5 is a factor of both 5y and 100. Therefore, 5 must also be 
a factor of 19x, and hence of x, since 5 is not a factor of 19. Then 
for some positive integer n, x = 5n. (We require 7 to be positive, 
since the number of adults clearly cannot be negative and must 
also be nonzero since the exercise states that the audience 
consists of adults, senior citizens, and children.) We have 


19 -5n + 5y = 100 
19n + y= 20. 


Since n and y must both be positive, n = 1. (Ifn > 1, then 
19n + y > 20.) Then x = 5- 1,or5. 


Dividing by 5 


19-5+5y=100 Substituting in (4) 
y=1 

5+1+2z= 100 Substituting in (1) 
Z= 94 


There were 5 adults, 1 senior citizen, and 94 children in the 
audience. 4. No; the symbol = does not always yield a graph 
in which the half-plane above the line is shaded. For the 
inequality —y = 3, for example, the half-plane below the line 

y = —3 is shaded. 


Test: Chapter 3, p. 319 

1. [3.la] (—2, 1); consistent; independent 2. [3.la] No 
solution; inconsistent; independent 3. [3.1a] Infinitely many 
solutions; consistent; dependent 4. [3.2a] (2, —3) 

5. [3.2a] Infinitely many solutions 6. [3.2a] (—4, 5) 

7. (3.3a](-1,1) 8. [3.3a] (-3, -}) 

9. [3.3a] No solution 10. [3.2b] Length: 93 ft; width: 51 ft 

11. [3.4b] 120km/h = 12. [3.3b], [3.4a] Buckets: 17; dinners: 11 
13. [3.4a] 20% solution: 12 L; 45% solution: 8 L 

14. [3.5a](2,—3,-1) 15. [3.6a] 3.5 hr 


16. [3.7b] y 17. [3.7b] y 


y2x-2 


18. [3.7c] 19. [3.7c] 


20. [3.6a] B21. [3.3a] m = 7;b = 10 
Cumulative Review: Chapters 1-3; p. 321 
1. (laid)2 2 (lid)6 3. (L.2ajh =“ 


ar 
4, [1.2a] p = = k, or SJ 5. [1.4c] {xlx > -1}, or 
(-1,00) 6. [1.5al {x|3 <x< rae or (3, 3| 
7. [1.5b] {xlx < 3 orx = 7}, or (—09, 3] U[7, ~) 
8. [1.6c] {-5,3} 9. [1.6e] {yly < -sory= Ar or 
(00, -3]U[3,00) 10. [1.6d) {-5,1} 11. [1.6b] 11 
12. [2.5c] y 13. [2.2c] 


14. 


16. 17. [3.7b] y 


i] 2x-ys6 

¥ 
18. [3.1a] (3, —1); consistent; independent 19. [3.2a] (2 -) 
20. [3.3a] (1,-1) 21. [3.3a](-1,3) 22. [3.5a] (2, 0, -1) 
23. 24. [3.7c] 


25. [2.3a] (a) {—5, —3, —1, 1, 3}; (b) {-3, —2, 1, 4, 5}; (©) —2; 
(d)3 26. [2.3a] {xlx is areal number and x # ie 
ot(=00,3)U (3,00) 27. [2.26] -1; 1; 17 

28. [2.4b] Slope: = y-intercept: (0,4) 29. [2.6b] y= —3x + 17 
30. [2.6c] y= —4x — 7 31. [2.5d] Perpendicular 

32. [2.6dly=43x+4 33. [1.3a]4m;6m 

34. [1.4d] {S|S = 88} 35. [3.3b] Scientific: 18; graphing: 27 
36. [3.4a] 15%: 211L;25%:9L 37. [3.4b] 720 km 

38. [3.6a] $120 39. [2.6e] $151,000 

40. [3.3a] m = -2;b = -2 


Chapter 3 A-13 


CHAPTER 4 


Calculator Corner, p. 330 


1. Correct 2. Incorrect 3. Correct 4. Correct 
5. Incorrect 6. Incorrect 


Exercise Set 4.1, p. 331 

1. —9x4, —x3, 7x?, 6x, —8; 4, 3, 2, 1,0; 4; —9x4; —9; —8 

3. £3, 4t7, s?¢4, —2;3, 7, 6, 0;7; 4t7; 4; -2 

5. u’, 8u7V, 3uv, 4u, —1; 7, 8, 2, 1, 0; 8; 8u2v5; 8; -1 

7. —4y? — 6y2 + 7y + 23) 9. —xy3 + x2y2 + x8y 41 
11. —9b°y> — 8b2y? + 2by 13. 5 + 12x — 4x3 + 8x? 
15. 3xy? + xy? — 9x3y + 2x4 

17. —7ab + 4ax — Tax? + 4x6 19, 45;21;5 

21. —168;-9;4;-7/ 23. (a) 144 ft; (b) 1024 ft 

25. (a) About 340 mg; (b) about 190 mg; (c) M(5) ~ 65; 
(d) M(3) © 300 27. (a) $10,750; (b) $18,287.50 

29. P(x) = —x* + 280x— 7000 31.17 33.8 35. 2x 
37. 3x + 4y 39. 7a+14 41. —6a*b — 2b 

43. 9x2 + 2xy + 15y* 45. —x2y + 4y + Oxy? 

47. 5x7 + 2y?+5 49.6at+b+c 51. —4a* — b? + 3c? 
53. —3x2 + 2x+ xy—1 55. 5x2y — 4xy? + Sxy 

57. 972+ 9r—9 59. —Zxy + iBxy2 + 1.7x2y 

61. —(5x3 — 7x2 + 3x — 6); —5x3 + 7x* — 3x + 6 

63. —(—13y* + 6ay* — 5by”); 13y* — 6ay* + S5by? 

65. llx-—7 67. —4x2-—3x+13 69. 2a+ 3c — 4b 
71. —2x* + 6x 73. —4a” + 8ab — 5b? 

75. 16ab + 8a7b + 3ab2 

77. 0.06y* + 0.032y? — 0.94y? + 0.93 

79. x4 —x?-1 

81. 82. 


f(x) =1-x° 


aa 


85. 3y-— 6 86. —10x — 20y + 70 
87. —42p + 28q + 140 88. 8w — 6t + 20 
: 90. 


VA 


s 


y=-5x-4 


A-14 Answers 


93. 494.55cm? 95. 47x44 + 40x34 + 30x24 4+ 4444 
97. Left to the student 


Calculator Corner, p. 339 


1. Correct 2. Incorrect 3. Correct 4. Incorrect 
5. Incorrect 6. Correct 


Exercise Set 4.2, p. 343 

1. 24y3 3. —20x3y «5. —10xSy?— 7. 14z — 2zx 

9. 6a2b + Gab? = 11. 15c3d* — 25c*d3_— 13. 15x* + x — 2 

15. s*—9t2 17. x7 — 2xy + y* 19. x© + 3x3 - 40 

21. a4 — 5a*b* + 6b4 23. x9 — 6425. x3 + y3 

27. a* + 5a? — 2a” — 9a +5 

29. 4a3b? + 4a°b — 10a*b? — 2a*b + 3ab3 + 7ab* — 6b3 

Bl. x2+5x+7 33. 4x2-2 35. 3.25x2 — 0.9xy — 28y7 

37. a2+13a+40 39. y2+3y—28 41. 9a2 + 3a+} 

43. x2 — 4xy + 4y? 45. D2 —2b+% 47. 2x? + 13x + 18 

49. 400a” — 6.4ab + 0.0256b2 51. 4x2 — Axy — 3y2 

53. x8 + 4x3 +4 55. 4x4 — 12x2y? + 9y4 

57. a®b* + 2a3b* +1 59. 0.01a* — a*b + 25h? 

61. A= P+ 2Pi+ Pi? 63. d*-—64 65. 4c2 — 9 

67. 36m — 25n2 69. x4 — y2z*— 71. m4 — mé2n2 

73. 16p* — 9p2q2 75. ¢p —$q2 77. x4 - 1 

79. a4 — 2a*b* + b* 81. a* + 2ab + b% - 1 

83. 4x2 + 12xy + 9y* — 16 

85. 12 + 3t— 4,p* + 7p + 6, h? + 2ah + 5h, 

t?+t-6+ca2+5at+5 87. 3t2 — 13f + 18, 

3p? — p + 4,3h2 + 6ah — 7h, 3t” — 19t + 34+ ¢, 

3a*—7a+13 89. -t? + 7t- 6,—-p* + 3p + 4, 

—h? — 2ah + 5h, -t? + 9t -— 14 + c,-a* + 5a +5 

91. —t? + 5t,-p* + p+ 6,—h? — 2ah + 3h, 
t2+7t-6+0¢,-a%+3a+9 

93. 5.5hr 94. 180mph 95. ($,-34) 96. (1,3) 

97. Infinitely many solutions 98. aa 

99. Left tothe student 101. 25” 

103. 78 — 2r4s4 + 58 = 105. 9x10 — 0x54 

107. x4@- y4® 109, x6 — 1 


Calculator Corner, p. 350 


1. Correct 2. Correct 3. Incorrect 4. Incorrect 
5. Incorrect 6. Correct 7. Incorrect 8. Correct 


Exercise Set 4.3, p. 351 

1. 3a(2a+1) 3. x%(x+9) 5. 4x2(2 — x?) 

7. Axy(x — 3y) 9. 3(y2-—y-—3) 11. 2a(2b — 3c + 6d) 
13. 5(2a* + 3a — 5a—6) 15. 3x4y4z3(5y — 4x2z4) 

17. 7a3b°c3(2ac* + 3b2c — 5ab) 19. —5(x + 9) 

21. -6(a+ 14) 23. -2(x2-x+12) 25. —3y(y — 8) 
27. —(a4 — 2a3 + 13a* +1) 29. —3(y> — 4y? + 5y — 8) 
31. ar2(h + 4r), ors7r2(3h + 4r) 

33. (a) h(t) = —8t(2t — 9); (b) h(2) = 80 in each 

35. R(x) = 0.4x(700 + x) 37. (b- 2)(a+c) 

39. (x — 2)(2x + 13) 41. (y— 7)(y’? + 1) 

43. (c+ d)(a+b) 45. (b—1)(b? + 2) 

47. (y + 8)(y*— 5) 49. 12(x* + 3) (2x — 3) 

51. a(a? — a*+a+t+1) 53. (y? + 3) (2y? — 5) 

55. Slope-intercept 56. Equivalent 57. Down 

58. Inconsistent 59. Point-slope 60. Supplementary 
61. Ascending 62. Constant 

63. x5y4 + x4y6 = x3y(x2y3 + xy) 

65. (x? —x+5)(r+s) 67. (x4 + x% + 5)(a* + a? +5) 
69. x/3(1 — 7x) 71. x /3(1 — 5x 1/6 + 3x 5/12) 

73. 3a"(a+2-—5a2) 75. y*t(7y4 — 5 + 3y?) 


Exercise Set 4.4, p. 358 


—2 


l. (x +4)(x+9) 3. (t-5)(t-3) 5. (x—11)(x +3) 
7. 2(y—4)(y—4) 9 (p+ 9)(p- 6) 
ll. (x + 3)(x+9) 13. (y - a)(y - 

(x 


Ya Wie 
YS 


15. (t— 3)(t-1) 17. (x +7) 
19. (x + 2)(x +3) 21. -1(x — 8)(x + 7), or 

(—x + 8) (x + 7), or(x — 8) (—x — 7) 

23. —y(y — 8)(y + 4), ory(—y + 8) (y + 4), or 

yy — 8)(-y— 4) 25. (x? + 16) (x? — 5) 

27. Notfactorable 29. (x + 9y) (x + 3y) 

31. 2(x—9)(x +5) 33. -1(z+ 12)(z—- 3), or 

(-z — 12)(z — 3), or (z + 12) (-z + 3) 

35. (x2 + 49)(x* +1) 37. (x3 + 9) (x3 + 2) 

39. (x4 — 3)(x4-— 8) 41. (y — 0.4) (y — 0.4) 

43. (4 + b!) (3 — b!°), or —1(b!9 + 4) (b!° — 3) 

45. Countryside: 93 Ib; Mystic: 153 1b 46. 8 weekdays 
47. Yes 48. No 49. No _ 50. Yes 


51. Allrealnumbers 52. All real numbers 


53. {x|xis areal number and x # A, or (-c, i) U G, oo) 


54. Allrealnumbers 55. 76, —76, 28, —28, 20, —20 
57. x — 365 


Mid-Chapter Review: Chapter 4, p. 360 
1. True 2. False 3. True 4. False 5. True 
6. F O I L 
(8w — 3)(w — 5) = (8w)(w) + (8w)(—5) + (—3)(w) + 
= 8w* — 40w — 3w + 15 
= 8w* — 43w + 15 


7. c8 — 8c? — 48c = c-c* — c: 8c — c: 48 

= c(c* — 8c — 48) = c(c + 4)(c — 12) 
8. x29 + Bx10 — g = (x10)2 + B(x10) — 9 
= (x10 + 9)(x10 — 1) 


9. 5y3 + 20y? — y— 4 = 5y*(y + 4) + (-1I) (y+ 4) 

= er a) oye 4) 
10. Terms: —a’, a4, —a, 8; degree of each term: 7, 4, 1, 0; degree 
of polynomial: 7; leading term: -a’; leading coefficient: —1; 
constantterm:8 11. Terms: 3x4, 2x3w®, —12x2w, 4x2, -1; 
degree of each term: 4, 8, 3, 2, 0; degree of polynomial: 8; leading 
term: 2x3w®; leading coefficient: 2; constant term: —1 
12. 5 — 2y — y> — 2y4 + y9 
13. 2x° — 4qx? + 2qx — 9qr 
14, h(0) = 5;h(—2) = 21; (3) = =97 or 
18. f(-1) = 13, 0r3;f(1) = ese) = = 0 
16. f(a — 2) = a? — 2a - 9; f(a + h) — f(a) = 2ah 4 
he + 2h 17, -2a2—3b—4ab—1 18, lx? + 7x—8 
19. b?-11b-12 20. 3c4-—c> 21. y® — 3y4 — 18 
22. 4y3 + 6y2 — 2y 23. 9x-—12 24. 16x? — 40x + 25 
25. 4x2 + 20x +25 26. 0.1lx— 3y 27. —130x3y 
28. x3 — x2y + xy? + 3y3 29. 10x* + 31x — 63 
30. 8lx?-16 31. h(5h+7) 32. (x + 10)(x — 2) 
33. (7+ b)(3—b) 34.(m+4)? 35. (2 — x) (xy + 5) 
36. 3(w—1)* 37. (t+ 3) (t? +1) 
38. 8xy>z(3y3z3 — 2x9) 39. Not factorable 
40. One explanation is as follows. The expression —(a — b) is 
the opposite of a — b. Since (a — b) + (b — a) = 0, then 
-(a-—b)=b-—a._ Al. No; ifthe coefficients of at least one 
pair of like terms are opposites, then the sum is a monomial. For 
example, (2x + 3) + (—2x +1) =4,amonomial. 42. No; 
consider the polynomial 3x! + 5x’. All the coefficients and 
exponents are prime numbers, yet the polynomial can be 
factored so itis not prime. 43. When coefficients and/or 
exponents are large, a polynomial is more easily evaluated after 
ithas been factored. 44. (a) The middle term, 2 - a- 3, is 
missing from the righthand side. 


(a+ 3)? =a? +6a+9 


(-3)(-5) 


(b) The middle term, —2ab, is missing from the righthand side 
and the sign preceding b? is incorrect. 


a— b)(a-— b) = a? — 2ab + b? 

(c) The product of the outside terms and the product of the 
inside terms are missing from the righthand side. 
x+3)(x-4) =x*-x-12 

(d) There should be a minus sign between the terms of the 
product. 


p+7)(p—7) = p*- 49 

(e) The middle term, —2 - t- 3, is missing from the righthand 
side and the sign preceding 9 is incorrect. 
t—3)?=17-6t+9 

45. Answers may vary. For the polynomial 4a? — 12a, an 
incorrect factorization is 4a(a — 3). Evaluating both the 


polynomial and the factorization for a = 0, we get 0 in each 
case. Thus the evaluation does not catch the mistake. 


Exercise Set 4.5, p. 368 
1. (3x + 1)(x-— 5) 3. y(5y — 7) (2y + 3) 
5. (3c — 8)(c-— 4) 7. (Sy + 2) (7y + 4) 
9. 2(5t- 3)(t+1) 11. 4(2x + 1) (x — 4) 
13. 3(3a — 1)(2a—5) 15. 5(3t + 1)(2t +5) 
17. x(3x — 4) (Gy —5) 19. x2(7x + 1) (2x - 3) 
21. (3a-—4)(a+1) 23. (3x + 1)(3x + 4) 
25. —1(z — 3)(12z + 1), or (—z + 3)(12z + 1), or 
(z—3)(-12z-1) 27. -1(2t — 3) (2t + 5), or 
(—2t + 3)(2t + 5), or (2t — 3)(—2t — 5) 
29. x(3x + 1)(x-— 2) 31. (24x + 1) (x — 2) 
33. —2t(2t + 5)(2t- 3) 35. —x(24x + 1) (x — 2) 
37. (7x + 3)(3x +4) 39. 4(10x4 + 4x? — 3) 
41. (4a — 3b) (3a — 2b) 43. (2x — 3y) (x + 2y) 
45. Ase — Ay) (2x — 7y) 47. (3x — 5y) (3x — 5y) 
49. (3x3 — 2)(x3 +2) 51. (a) 224 ft; 288 ft; 320 ft; 288 ft; 
128 ft; (b) h(t) = -16(t — 7) (t+ 2) 53. (2, —-1,0) 
54. (3,-4,3) 55. (1,-1,2) 56. (2,4,1) 57. Parallel 
58. Parallel 59. Neither 60. Perpendicular 
61. y= —- e-F 62. y= —-4x-¢ 63. y= - ix-? 
64. y = —3x -3 65. Left to the student 
(7a + 6)(ab+1) 69. (9xy — 4) (xy + 1) 
71. (x? + 8) (x% — 3) 


Visualizing for Success, p. 377 


LAE 25EJ 3GkK 4LS 5PQ 6C]I1 
7.DdH 8&M,O 9N,T 10. B,R 


Exercise Set 4.6, p. 378 
l. (x -— 2)? 3. (y+9)% 5. (x4+1)? 7. (3y + 2)? 
9. W(y— 9)? 11. 3(2a + 3)? 13. 2(x — 10)? 
15. (1 — 4d)”, or (4d -—1)* 17. 3a(a — 1)? 
19. (0.5x + 0.3) 21. (p-— q)* 23. (a + 2b)? 
(5a — 3b)? 27. (y3 +13)? 29. (4x5 — 1)? 
(x? + y?)? 33. (p + 7)(p — 7) 
35. (y + 2)*(y— 2)? 37. (pq + 5) (pq — 5) 

B(x + y)(x—y) 41. 4x(y* + 27) (y + 2) (y — 2) 
43. a(2a + 7) (2a — 7) 
45. 3(x4 + y*) (x? + y*) (x + y) (x - y) 
47. a?(3a + 5b*) (3a — 5b?) 49. (5 + z)(§ — z) 


51. (0.2x + 0.3y) (0.2x — 0.3y) 

53. (m — 7)(m+ 2)(m—2) 55. (a— 2)(a + b) (a — b) 
57. (a+ b+ 10)(a+ b-— 10) 

59. (12 — p + 8)(12 + p — 8), or (20 — p)(4 + p) 

61. (a+b+3)(a+b—3) 63. (r—1+ 2s)(r—-1 — 2s) 


65. 2(m + n+ 5b)(m + n — 5b) 


Chapter 4 A-15 


67. 
69. 
73. 
77. 
81. 
85. 
89. 
93. 
97. 
99. 


101. 
103. 
105. 
107. 
109. 
111. 
113. 


116. 
117. 


139. 


Exe 


1. (y + 15) (y — 15) 


5. 5 
11. 
15. 
19. 
21. 
23. 
25. 
27. 
31. 
35. 
37. 


» (a) ThH(R + 1) (R- 
. 5(c59 + 4d) (¢25 + 2425) (¢25 — 
: (x24 +4 y?) (x44 ae x2ayb i y2) 

. 3(x4 + 2y) (x24 


3+ (a+ b)\[3 — (a+ b)], or(3 + a+ b)(3 —a-— b) 
z+3)(z*-3z+9) 71. (x -— 1) (x2 +x +1) 
, + 5)(y? —5y +25) 75. (2a + 1) (4a” — 2a + 1) 
2)(y* + 2y +4) 79. (2 — 3b) (4+ eae 
4 Ge —4y+1) 83. (2x + 3) (4x? — 6x + 9) 
a—b)(a*+ab+b?)_ 87. (a+ 5)(a? -ha+ t) 
2(y — 4) (y2 + 4y + 16) 91. 3(2a + 1) (4a? -— 2a 4+ 1) 
r(s + 4)(s*— 4s +16) 95. 5(x — 2z) (x* + 2xz + 427) 
x + 0.1) (x? — 0.1x + 0.01) 
8(2x* — 7) (4x4 + 2x21? + £4) 
2y(y — 4) (y? + 4y + 16) 
z-1)(z2@+z+1)(z2+ 1) (22 
t? + 4y”)(t4 — 4t?y? + 16y4) 
2w> — z3) (4w® + 2w3z3 + 26) 
(}e + d) (2c? - ae + d*) 
0.1x — 0.2y) (0.01x? + 0.02xy + 0.04y2) 
(-S,48) na. (-38,-44) 115. (1, 13) 
No solution 


—z+1) 


118. 
y 


120. 


x-6 122, y = 2x Bey = 3x 5) 


~y=-5xt+ Ty = 2x-3 124. y = 4x — 3; 


125. h(3a* + 3ah + h?) 
r); (b) 3,014,400 cm? 
2d?°) 


= 2x4yP 45 4y2h) 
\(day + 2)(}2? 


yy? — sxyz + z") 137. y(3x? + 3xy + y?) 
4(3a2 + 4) 


rcise Set 4.7, p. 385 
3. (2x + 3) (x + 4) 
7. (p+ 6)? 9. 2(x — 11) (x + 6) 


13. 4(m? + 5) (m? — 5) 
17. 2x(y + 5)(y — 5) 


x? + 2) (x? — 2) 
3x + 5y) (3x — 5y) 
6(w — 1)(w + 3) 
18 — a)(12 + a) 
m+ 1)(m*—m-+1)(m 
x+3+y)(x+3-y) 
2(5x — 4y) (25x? + 20xy + 16y?) 

m + 10)(m3 — 2) 29. (a + d)(c — b) 
5b—a)(10b+ a) 33. (2x — 7) (x? + 2) 
2(x + 3) (x + 2) (x — 2) 
2(2x + 3y) (4x2 — 6xy + 9y?) 


—1)(m*+m+1) 


or 3y(—5x — 2) (4x — 1), or 3y(5x + 2) (—4x + 1) 


41. 
43. 
47. 


51. 
53. 


(a‘ + b*) (a2 + b?) (a+ b)(a— b) 

ab(a + 4b)(a- 4b) 45. ($x — ty)? 

B(x — y)*(x + y) 49. (9ab + 2) (3ab + 4) 
y(2y — 5) (4y” + 10y + 25) 


(a-—b-—3)(a+b+3) 55. (q-5+r)(q-5-7nr) 


A-16 


Answers 


39. —3y(5x + 2) (4x — 1), 


57. Correct answers: 55; incorrect answers: 20 58. #0 
59. (6y? — 5x)(5y? — 12x) 61. 5(x — 3) (x? + 3x + §) 
63. x(x — 2p) 65. y(y — 1)*(y — 2) 

67. (2x +y—r+3s)(2x+y+r—3s) 69. c(c’ +1) 
71. 3x(x +5) 73. (x — 1)3(x2 + 1) (x + 1) 

75. y(y4 + I (vy? +1) (+ YY- 1) 


Calculator Corner, p. 391 
1. Left to the student 


Translating for Success, p. 395 


1.Q 2F 3B 4A 5P 6D 7.0 8H 
9.1 10. J 

Exercise Set 4.8, p. 396 

1.-7,4 3.3 5.-10 7.-5,-4 9.0,-8 11. <5, 5 
13. -12,12 15. 7,-9 17. -4,8 19. -2,-% 21. 5,3 
23.0,6 25.%,-2 27.-1,1 29.3,-3 31.0, 


33. 7,-2 35. 0,-2,3 37. 0,-8,8 39. 5,—-5,1,-1 
41. -6,6 43. a2 45. -8,-4 47. —4,3 

49. —9, —-3 

51. {x|xis areal number and x # —1 andx # 5} 

53. {x|xis areal number and x 4 —3 andx # 3} 

55. {x|x isa real number and x 4 +} 


57. {x|xis areal number and x # Oandx # 2andx # 5} 

59. x-intercepts: (—5, 0) and (9, 0); solutions: —5, 9 

61. x-intercepts: (—4, 0) and (8, 0); solutions: —4, 8 

63. Length: 12 cm; width:7cm _ 65. Height: 6 ft; base: 4 ft 
67.6cm 69. d= 12ft;h=16ft 71. 16,18, 20 

73. Length: 12 ft; width: 8ft 75. 3cm 77. 150 ft by 200 ft 
79. 24m,25m_ 81. 24ft,25ft 83. llsec 85.7 

86.1 87.7 882.5 89.1.3 90. # 91. 691 
92.1023 93 y=4x+¥2% 94. y=-tx+? 

95. y= —3x he 2 96. y= 28 x + a 
97. {-3, 1}; {xl-4 = x = 2}, or[- 4,2] 
student 101. (a) 1.2522305, 3.1578935; 
(b) —0.3027756, 0, 3.3027756; (c) 2.1387475, 2.7238657; 
(d) —0.7462555, 3.3276509 


99. Left to the 


Summary and Review: Chapter 4, p. 401 


Concept Reinforcement 
1. False 2. True’ 3. False 


Important Concepts 

1. Terms: —6x4, 5x3, —x?, 10x, —1; degree of each term: 4, 3, 2, 
1, 0; degree of polynomial: 4; leading term: —6x!4; leading 
coefficient: —6; constant term: —1 

2. Descending: —x* + 2x3 + 8x — 3x — 7; 

ascending: —7 — 3x + 8x? + 2x3 — x4 


3. 2y3 + 2y2 + 17y-—8 4. 3x2 + xy — 10y? 

5. 4y2 + 28y + 49 6. 25d? — 100 

7. f(x + 1) = 3x? + 5x + 4;f(a +h) — fla) = 
3h*+6ah—h_ 8. 6x(3y+7z—4w) 9 (y+ 3)(y*- 8) 


10. (3x — 8)(x+9) LL. (2x—7)(5x +1) 12. (9x - 4)2 
13. (10t+ 1)(10t—1) 14. (6x + 1) (36x2 — 6x + 1) 
15. (10y — 3)(100y2 + 30y+9) 16, -2,2 


Review Exercises 

1. (a) 7, 11, 3, 2; 11; (b) —7x8y3; -7; 

(c) —3x? + 2x3 + 3xy — 7x8y3; 

(d) —7x®y3 + 3x%y + 2x3 — 3x?, or 

—~7x8y3 + 3x6y — 3x2 + 2x3 2.0;-6 3. 4;-31 

4. —-7x + 23y 5. abt+ 12ab2 +4 6. (a) About 230,000; 
(b) about 389,000 7. —x3 + 2x2 + 5x +2 

8. x8 + 6x2 -—x-4 9. 13x2y — Bxy2 + 4xy 10. 9x -—7 
ll. -2a+6b+7c 12. 16p%*-— 8p 13. 4x2 — 7xy + 3y? 


14. -18x3y4* 15. x8 — x6 + 5x2 — 3 

16. 8a*b* + 2abe — 3c* 17. 4x? — 25y? 

18. 4x2 — 20xy + 25y* 19. 20x4 — 18x3 — 47x? + 69x — 27 
20. x4 + 8x2y3 + 16y® 21. x3-125 22. x2-fx+h 
23. a” — 4a -— 4;2ah + h? - 2h = 24, 3y*(3y? — 1) 

25. 3x(5x3 — 6x2 + 7x —3) 26. (a — 9) (a - 3) 

27. (3m + 2)(m+4) 28. (5x + 2)2 

29. 4(y + 2)(y— 2) 30. (a + 2b) (x — y) 

31. 4(x4+x24+5) 32. (3x — 2) (9x* + 6x + 4) 

33. (0.4b — 0.5c) (0.16b? + 0.2bc + 0.25c”) 

34. y(y2 + 1)(y+1)(y— 1) 35. 2z%(z* — 8) 

36. 2y(3x2 — 1) (9x4 + 3x2 +1) 37. (1+ a)(1-a+a?’) 
38. 4(3x —5)* 39. (3t + p) (2t + 5p) 

40. (x + 2)(x + 3)(x- 3) 41. (a—b+ 2t)(a— b- 2t) 
42.10 43.%,3 44.0,% 45. -4,4 46. -4,11 

47. {xlxis areal number and x #  andx # —7} 

48. Length: 8in.; width:5in. 49. —7, —5, —3;3,5,7 

50.7 51.A 52.C 

53. 2(2x + y) (4x2 — 2xy + y*) (2x — y) (4x2 + 2xy + y?) 
54, 2(3x2 +1) 55. a2-—(b-1)? 56. 0,4,-4 


Understanding Through Discussion and Writing 


1. Asum of two squares can be factored when there is a common 

factor that is a perfect square. For example, consider 4 + 4x?: 
4+ 4x? = 4(1 + x). 

2. See the procedure on p. 366 of the text. 3. Add the oppo- 

site of the polynomial being subtracted. 4. To solve P(x) = 0, 

find the first coordinate(s) of the x-intercept(s) of y = P(x). 

To solve P(x) = 4, find the first coordinate(s) of the points 

of intersection of the graphs of y; = P(x) and yp = 4. 

5. To use factoring, write x3 — 8 = (x — 2) (x* + 2x + 4) 

and (x — 2)? = (x — 2)(x — 2) (x — 2). Since 

(x — 2) (x? + 2x + 4) # (x — 2) (x — 2) (x — 2), then 

x3 — 8 # (x — 2)3. To use graphing, enter y; = x? — 8 and 

y2 = (x — 2)3 and show that the graphs are different. 

6. Both are correct. The factorizations are equivalent: 


(a — b)(x— y) = -1(b — a) (1) (y ~ x) 
=(—1)(-1) (b— a)(y— x) 
= (b- a)(y— x) 


7. x=5 or x= 
x-5=0 or x+3=0 
(x — 5)(x + 3) =0 

x2 —2x-15=0; 
No; there cannot be more than two solutions of a quadratic 
equation. This is because a quadratic equation is factorable into 
at most two different linear factors. Each of these has one 
solution when set equal to zero as required by the principle of 
zero products. 
8. The discussion could include the following points: 
(a) We can now solve certain polynomial equations. (b) Whereas 
most linear equations have exactly one solution, nonlinear 
polynomial equations can have more than one solution. (c) We 
used factoring and the principle of zero products to solve 
polynomial equations. 


Test: Chapter 4, p. 407 

1. [4.1a] (a) 4, 3, 9, 5; 9; (b) 5x°y4; 5; 

(c) 3xy3 — 4x2y — 2x4y + 5x5y4; 

(d) 5x°y4 + 3xy? — 4x2y — 2x4y, or 5x5y4 + 3xy3 — 2x4y — 
4x*y 2. [4.1b] 4;2 3. [4.1b] (a) About $1.66 billion; 

(b) about $2.8 billion 4. [4.1c] 3xy + 3xy* 5. [4.1c] 
—3x3 + 3x2 — 6y — 7y* 6. [4.1c] 7a3 — 6a? + 3a — 3 

7. [4.1c] 7m? + 2m2n + 3mn* — 7n3 8. [4.1d] 6a — 8b 
9. [4.1d] 7x2 — 7x + 13 10. [4.1d] 2y? + 5y + y? 

11. [4.2a] 64x3y3 12. [4.2b] 12a” — 4ab — 5b? 


13. [4.2a] x3 — 2x*y + y? 14, [4.2a] —3m* — 13m? + 

5m? +26m—10 15. [4.2c] 16y* — 72y + 81 16. [4.2d] 
x? — 4y* 17, [4.2e] a* + 15a + 50; 2ah + h? — 5h 

18. [4.3a] x(9x +7) 19. [4.3a] 8y2(3y + 2) 

20. [4.6c] (y+ 5)(y+2)(y— 2) 21. [44a] (p — 14) (p + 2) 
22. [4.5a, b] (6m + 1)(2m+3) 23. [4.6b] (3y + 5) (3y — 5) 
24. [4.6d] 3(r—1)(r2 +r+ 1) 25. [4.6a] (3x — 5)? 

26. [4.6b] (z + 1 + b)(z + 1-b) 

27. [4.6b] (x4 + y*) (x2 + y*) (x + y) (x - y) 

28. [4.6c] (y + 4 + 10t)(y + 4 — 102) 

29. [4.6b] 5(2a + b) (2a — b) 

30. [4.5a, b] 2(4x — 1) (3x — 5) 

31. [4.6d] 2ab(2a? + 3b?) (4a4* — 6a*b? + 9b*) 

32. [4.8a] -3,6 33. [4.8a] -—5,5 34. [4.8a] —3, -7 

35. [4.8a]0,5 36. [4.8a] {x|x is a real number and x # —1}, 
or(—co,-1)U(-1,°) 37. [4.8b] Length: 8 cm; width: 5 cm 
38. [4.8b] 24ft 39. [4.8b]5 40. [4.3a] f(n) = n(n — 1) 
Al. [4.6d])C 42. [4.7a] (3x + 4)(2x”—5) 43, [4.2c] 19 


Cumulative Review: Chapters 1-4, p. 409 

1. [4.1c] —2x2 + x—xy-—1 2. [4.1d] —2x2 + 6x 
3. [4.2a] a4 + a® — 8a — 3a +9 

4. [4.2b] x2 + 13x +36 5. [l.ld]2. 6. [1.1d] 13 
7 

8 


2A-—ha 2A 

. [1.2a] b = h , Or h 

. [1.4] {xlx > =, or|=§, oo) 9. [1.5b] {xlx & 2 orx > 4, 
or (—00, 3) U (4, 00) 
11. [3.5a] (1, 3, -9) 
14. [3.5a] (—1,0, -1) 
17. [4.8a] 5, —2 

18. [4.8a] {x|xis areal number and x # 5andx # —3} 

19. [4.3a] 3x2(x — 4) 
20. [4.3b], [4.6d] (2x + 1) (x + 1)(x2 —x +1) 
21. [4.4a] (x — 2)(x +7) 22. [4.5a, b] (4a — 3) (5a — 2) 


10. [1.6e] {x|—2 < x < 5}, or (—2,5) 
12. [3.3a](4,—2) 13. [3.3al (7,3) 
15. [4.8a] —3,-8 16. [4.8a] 5,7 


) 
23. [4.6b] (2x + 5)(2x — 5) 24. [4.6a] 2(x — 7)? 
25. [4.6d] (a + 4) (a* — 4a + 16) 
26. [4.6d] (4x — 1) (16x2 + 4x + 1) 
27. [4.4a] (a? + 6) (a? — 2) 


3 
28. [4.6b] x2y2(2x + y) (2x — y) 
29. [3.6a] A: 1500 bearings; B: 1900 bearings; C: 2300 bearings 
30. [1.5b 


31. [2.1c] 32. [2.5c] 


y 


x x 
6y + 24=0 
34, [2.2c] 35. [2.2c] 
y y 
> > 
x x 
fe) =x’-3 g(x) =4— |x| 


37. [26dly=—5x+¥ 38. [2.6d] y = 4x —6 

39. [2.6c])y=4x +8 40. [2.6b] y= —3x +7 

41. [2.4c] About 2897 horses per year 42. (a) [4.1b] 30 games; 
(b) [4.8b] 9teams 43. [4.8b] 11 cm by 10cm 

44, [1.6e] {x|x < 1}, or (—0, 1] 


Chapter 4 A-17 


CHAPTER 5 


Calculator Corner, p. 416 


1. Correct 2. Correct 3. Incorrect 4. Incorrect 
5. Correct 


Calculator Corner, p. 419 
Left to the student 


Exercise Set 5.1, p. 420 

ls - 3. -7,-5 5. {xlxisareal number and x # —7}, 
or (—°0, -7) U(-7,0) 7. {x|xis areal number and 

x # Oandx # 3}, or (—~%, 0) U(0,3) U(3, ~) 


9. {x|x is a real number and x a or ( oo, e)U 


(~ 7) 


11. {x|x is areal number and x # —7 and 


x # —5}, or (—©, —7) U(-7, -5) U (—5, ©) 
7x(x + 2) (q—5)(q + 5) 2 
13. 15. 17. 3y 19, —— 
7x(x + 8) (q + 3)(q + 5) 3p4 
4x -—5 y-3 t+4 
2l.a—3 23. 25. 27. 
7 y+3 t—4 
x-8 w2 + wz + 2 1 
29. . 33. 
x+4 wt+z 3x3 
(x — 4) (x + 4) y+4 (22+ 3) (xe +5) 
35. . , = 
x(x + 3) 2 7X 
5 
tie=o ag ag gs 
ty 2y 
=3) + 2 x+4)(x+2 
rt (y— 3)(y + 2) 51, 2271 og ( )( ) 
y a+2 3(x — 5) 
243 2) ae + 
= Wy ) 57, 2 + 4x + 16 
(y <2) (y — 2) (x + 4) (x + 4) s 
4y2 — 6y +9 
i. SS 3. ud 
(4y — 1) (2y — 3) r+ 2s (y + 2)%(y + 4) 


65. Domain = {—4, —2,0,2,4,6}; range = {—3, —2,0,1,3,4} 
66. Domain = [—4,5]; range = [—3, 2] 

67. Domain = [—5,5]; range = [—4, 4] 

68. Domain = [—4,5]; range = [0, 2] 

69. (3a — 5b)(2a + 5b) ~—- 70. (3a — 5b)? 

71. 10(x—7)(x-—1) 72. (5x — 4) (2x — 1) 

73. (7p + 5)(3p —2) 74. 2(3m + 1) (2m — 5) 

75. 2x(x —11)(x +3) 76. 10(y + 13)(y — 5) 

77. y=-§x-5 Wy=-3x+4 

79. <8 m-—t 


(x + 1) (x + 3) “m+t+1 
2a+ 2h+3 

83. #; -3; not defined; ———————- 
4a+4h-1 


Calculator Corner, p. 430 
Left to the student 


Exercise Set 5.2, p. 431 

1.120 3.144 5.210 7.45 9 112 13, 2 
15. 21x*y 17. 10(y— 10)(y +10) 19. 30a%b? 

21. 5(y— 3) 23. (y + 5)(y — 5), or(y + 5) (5 — y) 


25. (2r + 3)(r — 4) (3r— 1) (r+ 4) 
27. x3(x — 2)?(x2 +4) 29. 10x3(x — 1)2(x + 1) (x? + 1) 
2x + 7y 3y +5 13 1 
31. 33; 35.a+b 37.— 39. 
x+y y-2 y at+7 
2(y2 + 11 + 
41. a*+ab+b* 43. Y a4 
(y + 4) (y— 5) xy 
= 3x — 4 8x + 1 2(x — 7) 
"(x -2)(x-1) (x + 1)(x- 1) 15(x + 5) 


A-18 Answers 


—a* + 7ab — b? : y 
(y- 2)(y— 3) 


(a + b)(a— b) 
3y — 10 3y2 — 3y — 29 
57. oe 9. of = 
(y—5)(y + 4) (y + 8)(y—- 3) - 4) 
2x* — 13x +7 4y- 11 
61. 63.0 65. 
(x + 3) (x — 1) (x — 3) (y+ 4)(y- 4) 
—2y-3 —3x2 — 3x -—4 —2 
67. , Or 
(y+ 4)(y—- 4) (x + 1) (x — 1) x-y 
2 1 
73. 
5 eee eS 3 
75. yA 76. 
7 
_-t[ax ays 
aeanee 
77. y 78. y 
% 4 
5x + 3y < 15)” ae 


79. (t — 2)(t# + 2t+ 4) 80. (q + 5)(q* — 5q + 25) 

81. 23x(x + 1) (x? — x +1) 

82. (4a — 3b) (16a + 12ab + 9b”) 83. y : 

84. y = 2x + uy 85. Domain = (—00, 2) U (2, 0); 

range = (—00,0) U(0, 00) 

87. x4(x + 1) (x — 1) (x? + 1) (x2 + x + 1) (x2 — x + 1) 
—x3 + x?y + x2 — xy? + xy + y? 


(ot yi(x+ V(x — y) + y*) 
Exercise Set 5.3, p. 441 


1. 4x4 + 3x3 -6 3. 9y° -— 4y2 +3 
5. 16a2b2 + 7ab-—11 7 x+7 9. a-— 12,R32;0r 


ge ll. x + 2,R4;orx+2+ 
at+A x+5 


89. -1 91. 


a-l2+ 


6 
13. ayer ye BRO OER EE Bs 


15. 2y* + 2y — 1,R8; or 2y? + 2y— 1+ 


Sy — 2 
3x + 12 
17. 2x2 — x — 9,R(3x + 12); or2x2 -x-9+—% 
x2 +42 
19. 2x3 + 5x2 + 17x + 51,R152x; or 2x3 + 5x2 + 17x + 
152 -4 
Ae oi, aS 1 Bao =e 1S 
x? — 3x xl 
—47 
23. a+ 7,R—47;ora+ 7+ 
ata 
5 5 —43 
25. x“ — 5x — 23,R—43; orx 5x. are 
27. 3x2 — 2x + 2,R—3; or 3x2 — 2x + 2 + — 
x+3 
4 4 12 
29. y° + 2y + 1,R12; ory Pe ae 


31. 3x3 + 9x2 +2x+6 33. x2 +2x+4 
35. y2 + 2y? + 4y +8 
Ly Pay ey ayy 


39. 40. 7 
ax 3y <15 
41. y 42. y 
igespness Se ees x=s=-2 
> 
x 
43. yA 44, yA 
f@) = 
x x 
g(x) =x" -3 
45. 7 46. yA 
f@) =3- 
f(x) =x° + 6x +6 
{> 
x x 


51. 0;-3,-3,3 53. -3 55. a* + ab 
Calculator Corner, p. 444 
Left to the student 
Exercise Set 5.4, p. 448 
1, 2% 9 88 = 3x+y 1+ 2a x? -] 
35 15 y> x l-a x? +1 
3y + 4x a*(b — 3) l a 
13 15 17. 9 
4y — 3x b?(a — 1) a-—b x(x + h) 
(x — 4) (x — 7) x+1 5x — 16 
21. ——_— 23. ere 
(x — 5) (x + 6) 5% 4x +1 
zw(wW — Z) 2x2 — 11x — 27 
27. . —>—— _ 8l. 69% 
w? — wzt 2 2x2 + 21x + 13 


32. 70,320 pages 33. 2x(2x? + 10x + 3) 

34. (y + 2)(y2 — 2y +4) 35. (y — 2) (y? + 2y + 4) 
36. 2x(x — 9)(x-— 7) 37. (10x + 1) (100x? — 10x + 1) 
38. (1 — 10a) (1 + 10a + 100a”) 

39. (y — 4x) (y? + any + 16x?) 

40. (ja -7)(fa%+2a+49) 41.8=3T-r 
43. 22 44. -1,6 


f(x) = -3x +2 


—3(2a + h) 1 P 
45. 47. 49, = 
a?(a + h)? (l-a-h)(1-a) 6 
| ee 53 : 
“338-4 * a? — ab + b2 


Mid-Chapter Review: Chapter 5, p. 450 
1. True 2. False 3. False 


4 x -—2 x+1_ 7-2 x+3 x+1 x-4 

x-4 B ae a Hh KES Bos: Koa 
7x2 + 19x — 6 23x - 4 
~ (%-—4)(x+3) (x +3)(x- 4) 
_ 7x? + 19x -6—x* + 3x+4 

(x — 4) (x + 3) 
_ 6x? + 22x — 2 
~ (x — 4) (x +3) 
1 

mo m _1+3m 

ay at “m 1—5m 

a om 


6. {x|x is areal number and x # —10 and x # 10}, or 

(—0o, -10) U(—10,10) U(10,00) ~— 7. {x|x is areal number 
andx # 7}, or(—00,7)U (7,0) 8. {xlxis areal number 
and x # —9and x # 1}, or (—o0, -9) U(-9, 1) U(1, &) 


2 l4y-1 x-y x+5 
9 10. 11. 12. 
3p" 11 2— xy + y? 2 
a-2 -1 
13. 4 15. 70x*y 
at+2 t+2 
; 45 
16. (x — 5)*(x + 5)(x +8) 17. 
(x + 1) 
ik 4x2 -—x+2 —3q — 2 
* (x + 6) (x — 2) * q(q + 2) 
2 
-y? —- 6y-3 b = 
20. ame 21. Oy ie 
y-1)(v+3)(y+ 2) 1+b 5 
25c* + 6 +2 
tie tore a oe Sg 
15c x—-A4 
17 3 2 
26. 3x + 2,R17;0or3x + 2+ 2X = Xo + KH 1 
2x —- 3 
2 2 —34 
28. 2x* — 5x + 15, R —34; or 2x 5x + 15 4 
K+ 2 
29.x+2 30. x — 3x? + 6x — 18,R56;orx? — 3x2 + 
% 


56 
6x — 18 + 31. 3x — 1,R7;or3x —1+ 
KES 5x +1 


32. For a, aremainder of 0 indicates that x — ais a factor. The 
quotient is a polynomial of one less degree and can be factored 
further, if possible, using synthetic division again or another 
factoring method. 33. Addition, subtraction, and 
multiplication of polynomials always result in a polynomial, 
because each is defined in terms of addition, subtraction, or 
multiplication of monomials, and the sum, difference, and 
product of monomials is a monomial. Division of polynomials 
does not always result in a polynomial, because the quotient is 
not always a monomial or a sum of monomials. Example 1 in 
Section 5.3 in the text illustrates this. 34. No; when we 
simplify a rational expression by removing a factor of 1, we are 
actually reversing the multiplication process. 35. Janine’s 
answer was correct. It is equivalent to the answer at the back 
of the book: 


3-x —-x+3 —l(-x+3) +x-3 x-3 
x-5 x-5 1(x — 5) x+5 5-x 


36. Nancy’s misconception is that x is a factor of the numerator. 


+2 
€ —— 3 only for x = i) 37. Most would agree that it is 


easier to find the LCM of all the denominators, bd, and then to 
multiply by bd/(bd) than it is to add in the numerator, subtract 
in the denominator, and then divide the numerator by the 
denominator. 
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Calculator Corner, p. 455 
1. Lefttothe student 2. Left to the student 


Study Tips, p. 457 

1. Rationalexpression 2. Solutions 3. Rational 
expression 4. Rationalexpression 5. Rational 
expression 6. Solutions 7. Rational expression 

8. Solutions 9. Solutions 10. Solutions 11. Rational 
expression 12. Solutions 13. Rational expression 


Exercise Set 5.5, p. 458 

1.2 3-2 5.144 7. -1,-8 92 1111 
13. 11 15. Nosolution 17.2 19.5 21. —145 
23. -2 25.-3 27.2 29.8 31. -6,5 

33. Nosolution 35.2 37. Nosolution 39. —1,0 
41. -3,2 43.42 45.2 46. 4(¢ +5) (t? — 5t + 25) 
47. (1-t)(1+¢+e2)(1+0(1-¢£+ £7) 

48. (a + 2b) (a2 — 2ab + 4b?) 

49. (a — 2b) (a2 + 2ab + 4b?) 50.3 51. —4,3 

52. —7,7 53. rey 54, About 0.19 million people per 
month 55. About 22 reports per year 

57. (a) (—3.5, 1.3); (b), (c) left to the student 


Translating for Success, p. 468 


1.N 2B 3A 4C 5E 6G 7.1 8&K 
9M 10.0 


Exercise Set 5.6, p. 469 
1.15¢hr 3. 13hr 5, 4.375hror43hr 7. Machine A: 


2hr;machineB:6hr 9. Samantha: 1 a hr; Elizabeth: 4 hr 

11. 287 trout 13. 3.84g 15. About27.16in. 17. 28.8lb 
19. About 20,658kg 21. 103 ft;17}ft 23. 36 touchdown 
passes 25. 35mph 27. 7mph_ 29. 5.2 ft/sec 

31. Bus: 60 mph; trolley:45 mph 33. Domain: [—5, 5]; 
range:[—4,3] 34. Domain: {—4, —2, 0, 1, 2, 4}; 

range: {—2,0,2,4,5} 35. Domain: [—5, 5]; range: [—5, 3] 
36. Domain: [—5, 5]; range: [—5, 0] 

37. yA 38. 


39. y 40. 


f@= |x + 3] 


x x 
f(x) =5- |x| 


41. ¢=%hr 43. City: 261 mi; highway: 204 mi 
45. 30 mi 


Exercise Set 5.7, p. 476 


doW; Rr 2 
ws poo =— 
d, ry —R Vy + V2 
R bt 
755 . p= af ll. a= 
g-—R f b-t 
I 704.5W R 
13. E= -_ 15. H2 = 17. r= —— 
3V 4+ ah3 — 2nr? 
1g: R= i poe 
3arh2 277 
dy — d, + tiv 2Tt — 2AT 
23. to = = 
v Q A-q 


A-20 Answers 


27. Dimes: 2 rolls; nickels: 5 rolls; quarters: 5 rolls 
28.-6 29.6 30.0 31. 8a°-2a 32. —4 
33. y = —x ao & 


Exercise Set 5.8, p. 485 


1. 5;y=5x 3. asy= ax 5. y= ox 
7. 175semitrucks 9. 135,209,760cans 11. 90g 


98 36 
13. 40kg 15. 98 y=—— 17. 36; = —— 


0.05 : 
19. 0.05; y = arm 21. 3.5hr 23. ¢ampere 25. 960lIb 


27. 52hr 29. y=15x2 31. y= 


0.0015 
= 3 33. y = xz 


=: 2 _— XZ 
35. y = 7pXxz 37. y= Sue 39.25m 41. 199.41b 


43. 95earnedruns 45. 729gal 47. Like 

48. Complementary 49. Opposites; additive 50. Vertical 
51. Intersection 52. Linear 53. Multiplication principle 
54. (0,a) 55. (a) Inversely; (b) neither; (c) directly; 

(d) directly 57. $7.20 


Summary and Review: Chapter 5, p. 489 


Concept Reinforcement 
1. False 2. True 3. True 


Important Concepts 


1. {x|xis areal number andx # —9 andx # 6}, or 
b-3 
(-%, —9) U(—9, 6) U (6, ©) 25 pas 


; (w — 5)(w* + 5w + 25) 


wt+3 
r2 — 3rs — 9s2 


4. x4(x — 3) (x + 3) (2x + 5) 


5. 6. y—4,R5;ory—4+ 
(r+ 2s)(r—s)(r+s) y-1 
2 2 —73 

7. x* — 8x + 24,R—73; orx* — 8x + 24+ 

P ti oars 
b+ 4a 33 
3 9.->5> 10. k = 93;y = 93x 
4b-a 2 y 
9 
Wl. k=F3y=— 
20) ox 


Review Exercises 

1. -3,3. 2. {x|xis areal number and x # —3 and x ¥ 3}, or 
a2 1 

—ow,—-3)U(-3,3) U (3, «© 3. 4. 

( yt U4 ) 3x2 a2 

5. 48x36. (x — 7) (x + 7) (3x + 1) 


y-8 (x — 2)(x + 5) 

7. (x + 5)(x-4)(x-2) 8 3 9. 7-5 
sg oad (x? + 4x + 16) (x — 6) 

“a-3 ; (x + 4) (x + 2) 
_ x-3 2x3 + 2x2y + 2xy? — 2y3 

" (x+ 1) (4 +3) (x —y)(x + y) 

im 

14, ———_———__ 15. 4b2c — 8hc? + 3abe (16. y — 14, 

(y+ 4)(y-1) ° 


20 
R-—20;ory — 14 + = 17. 6x? — 9,R (5x + 22); or 


5x + 22 
6 =o 18. x2 + 9x + 40, R153; or 
x* +2 
é 153 ‘4 ; 
x a Org 19. 3x° — 8x* + 8x — 6,R-ljor 
= 
3x3 — 8x2 + 8x —6 + 20. 3 
x+i1 
2p2 (a= 9)e='6) 
21. a 22. 
2(a* — ab + b?) (x — 3) (x + 6) 


2(x? — 7x + 1) 


" 3x2 + 7x - 11 
27.3 28. - 29.2 30. 54hr 


24. 25.6 26. Nosolution 


31. ; aa) 
Distance | Speed | Time 
Downstream 50 mi x+6 t 
| Upstream 30 mi x-6 t 
24 mph 
, Wc Wd ta 
32. 4000 mi 33. d= ;c= 34. b= : 
c—-W d—W Sa — p 
Sab — pb 2500 
io 35. y = 4x a 37. 20 min 


38. About 77.7 39. 500 watts 40.B 41. C 
42. a” +. ab+b* 43. Allreal numbers except 0 and 13 


Understanding Through Discussion and Writing 


1. When adding or subtracting rational expressions, we use the 
LCM of the denominators (the LCD). When solving a rational 
equation or when solving a formula for a given letter, we 
multiply by the LCM of all the denominators to clear fractions. 
When simplifying a complex rational expression, we can use the 
LCM in either of two ways. We can multiply by a/a, where a is 
the LCM of all the denominators occurring in the expression. 
Or we can use the LCM to add or subtract as necessary in the 
numerator andinthe denominator. 2. Rational equations 
differ from those previously studied because they contain 
variables in denominators. Because of this, possible solutions 
must be checked in the original equation to avoid division 
by0. 3. Assuming all algebraic procedures have been 
performed correctly, a possible solution of a rational equation 
would fail to be an actual solution only if it were not in the 
domain of one of the rational expressions in the equation. This 
occurs when the number in question makes a denominator 0. 

ky kp 


kg kg 
4. Lety = kjxandx = —~.Theny = ky - zor , Soy 


varies inversely as z. 5. Answers may vary. From Example 4 of 
Section 5.5, we see that one form of such an equation is 

x? az 
x-a x-a 


6. Answers may vary. Many would probably 


1 1 1 
argue that it is easier to solve — + — since it is easier to 
multiply a and b than 38 and 47. Others might argue that it is 
; LL. 1 di. igs . 
easier to solve —— + —~ = — since it is easier to work with 


38 47) Ox 
constants than variables. 


Test: Chapter 5, p. 495 
1. [5.laJ}1,2 2. [5.1lal] {x|x is areal number and x # 1 and 


x ¥ 2}, or (—00, 1) U(1,2) U(2,00) 3 (5.1¢] == 
pe-ptl 

4. [5.1c] wee 5. [5.2a] (x + 3) (x — 2)(x + 5) 
(x + 5) x-6 


6. 5.1d] ne a 7. [5.2b] (x + 4)(x + 6) 


yta4 3x 
9. [5.2b])x+y 10. [5.2c] G@-i@ek “Darth 


a? + a*b + ab* + ab — b* - 2 


(a — b)(a* + ab + b?) 
12. [5.3a] 4s* + 3s — 2rs* 13. [5.3b] y — 5y + 25 


8. [5.1e] 


11. [5.2c] 


14, [5.3b] 4x2 + 3x — 4, R (—8x + 2); or 
2 
Ax? + 3x —4+4+ ia 15. [5.3c] x2 + 6x + 20, R54; or 
+ 


54 
x* + 6x + 20+ —— > 16. [5.3c] 3x° + 10x — 40 


x+1 b? — ab + a? 
17. [5.4a] —— __ 18. [5.4a] ————_———_ 19. [5.5a] —-1,4 
x a2b2 
20. [5.5a]9 21. [5.5a] Nosolution 22. [5.5a] -, 5 
23. [5.5a) 4% 24, [5.6a]2hr 25. [5.6c] 34 mph 
Ta 


i? a4t 


Tb 

26. [5.6b] 144 gal 27. [5.7a] a = re 
2b 

Qb+t 
250 i 

30. [5.8c] y= —— 31. [5.8b] $990 32. [5.8d] 7; hr 


33. [5.8f]615.44cm? 34. [5.2a]D 35. [5.5a] All real 
numbers exceptOand15 — 36. [5.4al, [5.5a] x-intercept: 
(11,0); y-intercept: (0, - 2 


28. [5.7a] a = 29. [5.8e] Q = 3xy 


Cumulative Review: Chapters 1-5, p. 497 


1. [2.1c] 2. [2.5c] 
y YS 3x -18=0 
y=-5x +4 
x x 
3. [3.7b] 4. [3.7c] 


te 


T= 7 
x+3y <4 4 
3 us 
5. [2.2b] 11 6. [5.1lal] {x|xis areal number andx # —5and 
x # 5}, or (—o0, -5) U(—-5,5) U (5,00) 7. [2.3a] Domain: 


—5,5];range:[—2,4] 8. [4.2c] 36m? — 12mn + n2 
g 


-2 
9. [4.2b] 15a2 — 14ab — 8b2 10. ‘[5.1d] — 


3 
3 6x + 13 -2 
11. [5.1e] ~~ 12, 52b) 7 ag, 54a) 27 
x+ 20(x — 3) y-1 
4x + 1 


14. [4.1d] 16p” — 8 15. [5.2¢c] ————__— 
] 16p Pp [ le + 2)@—2) 
1 


17. [1.1d] 2 
18. [1.5a] {x|-3 < x < —3}, or (-3, -3) 


—49 
16. [5.3b] 2x2 — llx + 23 + 7 


bP 
19. [5.5a] Nosolution 20. [5.7a] a = 3-P 


21. [1.2a] C = °(F — 32) 22. [1.6e] {x|x <= —2.lorx = 2.1}, 
or (—00, —2.1]U[2.1,00) 23. [5.5a]-1 24. [4.8a] + 

25. [4.8a] — 4 26. [3.2a], [3.3a] Infinite number of solutions 
27. [3.2a], [3.3a](—2,1) 28. [3.5a] (3,2, -1) 

29. (3.5a] (3,75,-3) 30. [4.3a] 2x2(2x + 9) 

31. [4.3b] (2a — 1) (4a2 — 3) 32. [4.4a] (x — 6) (x + 14) 
33. [4.5a, b] (2x + 5) (3x — 2) 34. [4.6b] (4y + 9) (4y — 9) 
35. [4.6a] (t-— 8)? 36. [4.6d] 8(2x + 1) (4x2 — 2x + 1) 

37. [4.6b] (0.3b — 0.2c)(0.09b? + 0.06bc + 0.04c”) 

38. [4.7a] x?(x2 + 1)(x + 1) (x - 1) 

39. [4.5a,b] (4x —1)(5x +3) 40. [2.6b] y = —3x-1 

Al. [2.6d] y = 5x - 3 42. [3.6a] Win: 38 games; lose: 

30 games; tie: 13 games 43. [5.8b] About 202.3 lb 

44. [5.5aJA 45. [4.8a]C 46. [5.6a] B 

47. [3.6a)a=1,b=-5,c=6 48. [4.8al 0,4, —} 

49. [5.5a] All real numbers except 9 and —5 


Chapter 5 A-21 


CHAPTER 6 

Exercise Set 6.1, p. 507 

1.64,-4 3. 12,-12 5. 20,—20 7. — 9. 14 

11. 0.06 13. Does notexistasarealnumber 15. 18.628 


x 
=i 
does not exist as a real number; does not exist as a real number 
25. V11 © 3.317; does not exist as a real number; 

VII © 3.317;12 27. Domain = {x|x = 2} = [2, 00) 

29. 21 spaces; 25 spaces 


17. 1.962 19. y%+16 21. 23. V20 © 4.472; 0; 


ai. 33. 35. 
y y yA 
F(x) = —3yx 
Hate Laer 
x x x 
f(x) = 2yx f@) =x 
a Al. 
y y 
(x) = {12 — 3x 
f(x) =e -2 ft 
= g(x) = ¥3x+9 
x x x 
43. 4|x| 45. 12\c| 47. |p + 3| 49. [x — 2] 51. 3 
53. -4x 55. -6 57. 0.7(x+1) 59. 2;3;-2;-4 
61. —1; -W/—20, or W20 © 2.714;-4;-10 63. —5 
65. -1 67. —-5 69. |x| 71. 5jal 73.6 75. |a+ Dl 
77.y 7% x-2 81.-2,1 82.-1,0 83. -3,2 
84.4,9 85. -2,2 86.2 87.0,2 88.0,1 
89. a°b®c!5 90. 10a1°b9 


91. Domain = {x|-3 = x < 2}=[-3,2) 
95. (a) Domain: (—©9, 00); range: (— 00, co); 
(b) domain: (—0°%, ©); range: (—©o, 00); 
(c) domain: [ —3, co); range: (— 09, 2]; (d) domain: [0, 00); 
range: [0, 00); (e) domain: [3, 00); range: [0, 00) 


93. 1.7; 2.2; 3.2 


Calculator Corner, p. 513 


1. 3.344 2. 3.281 3. 0.283 4. 11.053 5. 5.527 x 1075 
6. 2 
Exercise Set 6.2, p. 516 
1 Vy 3.2 5. VWa3b3 7.8 9,343 11. 17)/ 
13. 18/3 15. (xy2z)/5 17. (3mn)3/2_— 19. (8x2y)9/? 
i : 3 1 2a3/4¢2/3 
21.2 23.545 25.— 27. ; 
x 1/4 (2rs)3/4 pl/2 
8yz\3/5 x4 7X 
31. (=) 33. x2/3 35. ———___ 37, —— 
7X 2U3y2/7 zV/3 
5acl/2 
39. —— 41.57/8 43. 71/4 45. 4.91/2 47, 63/28 
3 
1 yl 
49. a3/120 51. @8/3p5/2 53. —— 55. -— 57. m3/5n2 
x2/7 x 1/2 
l 
59. Va 61. x° 63. = 65. a5b> 67. V2 69. W2x 


x 
71. x2y3 73. 2c2d3)——-75. N/74-53 77. NY5°- 74 


79. W/4x° 81. a®b'2— 83. NY¥m_—85. N/x4y3z2 
/ 35 Ab Qt 
87. ~°/ — 89. a=—— 90.s= 
fons b-A Q-t 
Qs a 
91. f= 92. b= 93. Left to the student 
S+Q t-—a 
A-22 Answers 


Exercise Set 6.3, p. 523 

12V6 3.3V10 5.572 7. 6x2V5_ 9, 3x2W/2x? 
11. 202W10r2 13. 2W5 15. 4aV2b 17. 3x2y2W/3y? 
19. 2xy3W/3x2 21. 5V2 «23. 3V10. 25. 2-27. 30V3 
29. 3x4V2 31. Sbc2V2b 33. aV/10— 35. 2y3W/2 

37. 4W/4 39. 4a3bV6ab 41. V/200 43. W/12 

45. aW/a 47. bNYD9 49. xyWxy® 51. 2abV/2a3 
53.3V2 55. V5 57.3 59. yV7y 61. 2Va2b 


1 
63. 4Vxy 65. 2x2y2 67. —- 69. W/a? 


Wa 
5 
71. W/x*y> 73.2 75.4 «77.2 79. - 81. 
A 
3yV 3y2 3aWa 3x 2a3 2xW/x3 


4 

5 2 26, 
Fy cia Wx 

z2 
base:6in. 99. 8 
102. No solution 


105. 2yzV2z 


Exercise Set 6.4, p. 529 


Lvs 3.77 5. 13Wy 
11. 21V3 13. 38V5_—s 15. 1222 
19. 29V2 21. (1 + 6a)V5a 
25. (21x + 1)V3x 27. 24+ 3V2 
31. (x +1)V6x 33. 3Va—1 
37.4V5-10 39. V6-V21 41. -12 + 6V3 
43. 2V15-—6V3 45. -6 47. 6Gy—12Wy2 49. 3aW/2 
51.1 53. —-12 55.44 57.1 59.3 61. -19 
63.a-—b 65.1+ V5 67.74+3V3 69. -6 
71. a+ V3a+ V2a+ V6 73. 2\/9 — 3V/6 — 2N/4 
75.7+4V3 77. W724+3- W24- W/81 
x(x? + 4) (a + 2)(a + 4) 
79. ———_———_—-_ 80. ———— B ll a - 2 
(x + 4)(x + 3) a 
(y — 3)(y — 3) 4(3x — 1) ea, — gs, 74 
y+3 * 3(4x + 1) “x41 “qt+p 
a*b* oe 
86. a ae 87. —25 
or (—%, 5) 89. {xlx < -2orx= 5}, or (—00, -%| U[5, 00) 
90. -12,-2 91. Domain = (—0,00) 93. 6 
95. 14 + 2V15 — 6V2 —- 2V30. 97. 31/3 + 2W/9-8 


Mid-Chapter Review: Chapter 6, p. 533 


1. False 2. True 3. False 4. True 

5. V6V10 = V6- 10 = V2-3-2-5=2V15 

6. 5V32 — 3V18 = 5V16-2-3V9-2=5-4V2—- 
3-3V2 = 20V2 —-9V2=11V2 7.9 8-12 9. 4 

10. Does not existasarealnumber 11. 3; does not exist asa 
realnumber 12. Domain = {x|x <= 4} = (—0,4] 

13. 


83. 


97. 25hr;8hr 98. Height: 4 in.; 


100. 7 101. No solution 
103. (a) 1.62 sec; (b) 1.99 sec; (c) 2.20 sec 


7. -8V6 9. 6\/3 
17. 9V/2 
23. (2 — x) W3x 
29. 15\/4 
35. (x + 3)Vx—1 


82. 


88. {x|-2 < x <5}, 


g(x) = yx+1 


15. 6lz| 16. |x-—4| 17. -4 18. -3a 19.2 20. ly 
1 
21.5 22. VWa%b 23. 16/5 24. (6m2n)/3_— 25. oT 
3 
x3/2 1 4 
26. 74/5 27, _ 28. ——_ 29. W/4_ 30. Vab 
ys n3/4 


31. W/y5 32. N7¥aH9 33. 5V3B_— 84. 2xyW/By? 


74 2 
35. 21/5 36. ve 37. 11V7 38. (9x — 24) V2x 
39.2V3-15 40.3-4Vx+x 41.m-n 


42.11+4V7 43. —-42+ V15 44. Yes; since x? is 
nonnegative for any value of x, the nth root of x” exists 
regardless of whether 7 is even or odd. Thus the nth root of x2 
always exists. 45. Formulate an expression containing a 
radical term with an even index and a radicand R such that the 
solution of the inequality R = 0 is {x|x < 5}. One expression 

is V5 — x. Other expressions could be formulated as 

a Ww b(5 — x) + c, where a # 0, b > 0, and kis an even integer. 
46. Since x6 = 0 and x? = 0 for any value of x, then W/x8 = x2, 
However, x3 = 0 only for x = 0, so Vx® = x3 only when x = 0. 


V8 aE 
47. No; for example, ry a a V4 = 2. 


Exercise Set 6.5, p. 538 


V5 , V2 ,2v5 , 2W6 ‘ W/75ac2 
rs) aa "35 a) “5e 
yV 9yx? W883 VI5x W/100xy 
11. ——— 13. —— 15. 17. 
3x2 St 10 5x2y 
V2 54 + 9VI0 
19. Yan. 23. —2V35 + 2V21 
2x2y 26 
be 18V6 + 6V15 5 3V2 —-3V5+ V10 -5 
7 13 . -3 
gq, 3+ V21 - V6 - V4 2 V15 + 20 — 6V2 — 8V30 
: —4 . -77 
33, 6 ovata 6 + 5Vx — 6x 3V6+4 
. 9-a . 9-— 4x . 2 
x—2Vxyt+y 19 Meare 
39. —————._ 41.30 42.-2 43.1 44. 
x-y MES 
3V a2 -3 


45. Lefttothe student 47. — 
a*—3 


Calculator Corner, p. 542 
1. Lefttothe student 2. Left to the student 


Exercise Set 6.6, p. 546 

1.2 3.2 5.57 7% 9-1 11. Nosolution 
13.3 15.19 17.-6 19 4 21.9 23.15 
25.2,5 27.6 29.5 31.9 33.7 35. % 

37. 2,6 39. —-1 41. Nosolution 43.3 45. About 44.1 mi 
47. About 680ft 49. About 117ft 51. 151.25 ft; 281.25 ft 
53. About 25°F 55. About0.81ft 57. About 3.9 ft 

59. 4¢hr 60. Jeff: 1}hr;Grace:4hr 61. 2808 mi 

62. 84hr 63. 0,-2.8 64.0,2 65. -8,8 66. —3,4 
67. 2ah +h? 68. 2ah +h? —h_ 69. 4ah + 2h? — 3h 
70. 4ah + 2h? + 3h 71. Lefttothestudent 73. 6912 
75.0 77. -6,-3 79.2 81.0, 83.2 85.3 
87. 3 


Translating for Success, p. 553 


1.J 2B 30 4M 5k 61 7G 8E 
9.F 10.A 


Exercise Set 6.7, p. 554 


1. V34;5.831 3. V450;21.213 5.5 7. V43;6.557 
9. V12;3.464 11. Vn—-—1 13. V116 ft; 10.770 ft 
15. 7.1 ft 17. 50 ft 19. V10,561 ft; 102.767 ft 


21.s+sV2 23. V181cm;13.454cm 25. (3,0), (—3, 0) 
27. V340 + 8 ft; 26.439 ft 29. V420.125 in.; 20.497 in. 
31. Flash: 672 mph; Crawler: 532mph 32. 32mph 


33. -7,3 34.3,8 35.1 
39. 26 packets 41. V75cm 


36. -2,2 37.13 38.7 


Calculator Corner, p. 563 

1-2-9: 2.20+17i 3.-47-161i 4.-3.+ Ri 
5.-20 6. —28373 7.-#8-Ai 8.81 9. 117+ 118i 
10. —i5 + GHi 
Exercise Set 6.8, p. 565 

1. iV35,or V35i 3. 4i 05. — 21-3, or —2 V3 

7. iV3,or V3i_ 9. Sis. 712, or 7V2 

13. -7i 15. 4 — 2VI5i,or4 — 2iVI5_— «17. (2 + 2V3)i 
19.12-4i 21.9-5i 23.7+4i 25. -4-4i 
27.-1+i 29%11+6i 31.-18 33.-V14 35. 21 
37. -6+ 241 39.1+5i 41.18+14i 43. 38+ 9i 
45.2-46i 47.5-12i 49. -24+10i 51. -5 — 12i 
53. -i 55.1 57.-1 59% i 61.-1 63. -125i 
65.8 67.1-23i 69.0 71.0 73.1 75.5 -8i 
v6 9 


77,2-— i 7% 394 Bi Bl. -i «83. —3 - 83 
85.$-2i7 87.-2 +i 89. -4i 91. -}-Hi 
93. -2+ 43 

95. x*-—2x+5=0 


(1 — 212 - 211 - 21) +520 
1- 41+ 472-2+4i+5 
L=4i- 4-24 4745 


0 TRUE 
Yes 
97. x2 —4x-5=0 
(2+ i? -4(2+i)-520 
4+ 41+ i2-8-4i1-5 
4+4i-1-8-4i-5 
—10 FALSE 


No 
99. Rational 
102. Positive 
105. Negative 
8-—6i 109. —3 — 4i 
117. 1 


100. Difference ofsquares 101. Coordinates 
103. Proportion 104. Trinomial square 
106. Zero products 107. —4 — 8i;—2 + 4i; 
111. —88i 113.8 115. 24+ 3i 


Summary and Review: Chapter 6, p. 569 
Concept Reinforcement 


1. True 2. False 3. False 4. False 5. True’ 6. True 
Important Concepts 
1 1 
5/53 5/2 = 
1. 6ly| 2 |a+2| 3. W234. (6ab) 5. sa 7 


6. Wath 7. 5yV6 8&2Va 9. 2V3 10. 25 - 10Vx+x 
11.5 12.6 13. -21-20i 14.3 -%i 


Review Exercises 


1. 27.893 2. 6.378 3. f(0),f(—1), andf(1) do not exist as 


real numbers; f(#1) =5 4. Domain = {xx = 1}, or[8, 0) 


5. 9al 6. 7\z| 7. |6—b| 8. |x+3| 9. -10 10. —} 


11. 2;-2;3 12. |x| 13.3 14. Wa 15.512 16, 311/2 
1 5pV2 
17. (a2b3)/5 18.519. ; 
4x2/3y2/3 @3/4e2/3 
3 1 
21." 22, — 23. 71/6 2g, x? 25. 3x2 
t1/4 2/5 
26. N/x4y3_ 27, NVx? 28. 7V5— 29, -3\/4 
Ax? 2x2 
30. 5b2V/2a2, 31. £32. 3 «383 8 Vi15xy 


35. 3aW/a2b2 36. NVa5b9 37. yW6 38. bVx 


Chapter 6 A-23 


39. V5) 40. 7\/x 41. 3342. 152 

43, (2x + y2)Wx 44. -43-2VI0 45. 8 - 2V7 
2V6 2Va — 2Vb 

46.9- W4 47. vs 48. Via — 2b 

3 a-—b 

51.1 52. About4166rpm 53. 4480rpm 54. 9cm 

55. V24ft;4.899ft 56.25 57. V46;6.782 

58. (5+2V2)i 59.-2-9i 60.1+i 61.29 62. i 

63.9-12i 64.2+2) 65.4-ii 

67.D 68.-1 69.3 


49.4 50. 13 


Understanding Through Discussion and Writing 

1. f(x) = (x + 5)'/*(x + 7)-/2. Consider (x + 5)!/2. 

Since the exponent is a x + 5 must be nonnegative. Then 

x + : = 0, orx = —5. Consider (x + 7)~!/2. Since the exponent 
is —5,x + 7 must be positive. Then x + 7 > 0, orx > —7.Then 
the dowiatn of f = {x|x = —5andx > —7}, or {x|x = —5}. 

2. Since Vx exists only for {x|x = 0}, this is the domain of 

y= Vx- Vx. 3. The distributive law is used to collect 
radical expressions with the same indices and radicands just as 
it is used to collect monomials with the same variables and 


exponents. 4. No; when n is odd, it is true that ifa” = b”, 
54+ V2 
thena=b. 5. Useacalculator to show that ———— # 2. 
V18 


Explain that we multiply by 1 to rationalize a denominator. In 
this case, we would write 1 as V2//2.__ 6. When two radical 
expressions are conjugates, their product contains no radicals. 
Similarly, the product of a complex number and its conjugate 
does not contain i. 


Test: Chapter 6, p. 575 

1. [6.1a] 12.166 2. [6.1a] 2; does not exist as a real number 
3. [6.1a] Domain = {x|x = 2}, or (—©, 2] [6.1b] 3|q| 
5. [6.1b] |x + 5| 6. [6.1c]—7 7. [6.1d]x 8. [6.1d]4 
9. [6.2a] Wa2 10. [6.2a]8 11. [6.2a] 371/2 


12. [6.2a] (Sxy2)5/2 13. [6.2b). 14. [6.2b] ea%/* 
. [6.2a] (5xy“) - [6.2b] 59 » (6.2b] | 2,28 
8/5 
15. [6. 20 af 16. [6.2c] 17. [6.20] W/x 


2,931/24 


18. [6.2d] avi 19. [6.2d] \/a5b> 20. [6.2d] N/8y? 
21. [6.3a] 2V37__ 22. [6.3a]2W/5 23. [6.3a] 2a3b4W/3a2b 


43/ 2 
24, 6:36) 25. (63b1 26. [6.3a] W/10xy? 
y 


27. [6.3a] ae 28. [6.3b] V/x2y2 29. [6.3b] 2Va 
30. [6.4a] 38V2 31. [6.4b] 20 32. [6.4b]9 + 6Vx + x 


13 + 8V2 
33. [6.5b] ee 34. [6.6a]35 35. [6.6b] 7 
36. [6.6a]5 37. [6.7a] 7ft 38. [6.6c] 3600 ft 
39. [6.7a] Nae 40. [6.7a]2 41. [6.8a] 11i 
42. [6.8b] 7 - 5i 3. [6.8c] 37 + 9i 44. [6.8d] —i 


45. [6.8e] —2 + 7 46. [6.8f]No 47. [6.6a] A 
48. [6.8c, ae i 9. [6.6b] 3 


Cumulative Review: Chapters 1-6, p. 577 
1. [4.1c] —3x3 + 9x2 + 3x-—3 2. [4.2c] 4x4 — 4x2y + y? 


3. [4.2a] 15x4 — x3 — 9x2 +5x-—2 4. [5.1d] 


x+7 


A-24 Answers 


(x + 4)(x — 7) 


So eg -2x +4 —2(x — 2) 
=g I eine ay” Get eS) 
-1 
2 = = 

7. [5.3b, c]y* +y-—2+ yr2 8. [6.1c] 

9. (6.3a] 4(x-— 1) 10. [6.4a]57V3 11. [6.3a] 4xy?Vy 
72 4 

12. [6.5b] V30 + VI5. 13. [6.14] 


15. [6.8b]3+5i 16. [6.8e]4 _19;° 17, ae 

18. [1.2a]}c =8M+3 19. [1.4c] {ala > “a or (—7, ie. 
20. [1.5a] {x|-10 < x < 13}, or(—10, 13) . [1.6c] 4, 8 
22. [4.8a]2,-2 23. [3.3a] (5,3) 24. ae (1,0, 4) 


5. [5.4a] sf 
y 


14. [6.2c] 68/9 


E — nrl 
25. [5.5a]—5 26, [5.5aJ} 27. [5.7a] R = —— 
28. [6.6a]6 29. [6.6b] —} 30. [6.6al 5 
31. [2.2c 32. Psa 33. j 7b] 
y: 
fx) = ix +2 
x =x 
4x — 2y=8 4x = 5y + 20 
34. [3.7c 35. [2.2c] [es 2a 


4. f(x) =|x+4| 
% 


g(x) =x° -x-2 


37. [2.2c » (2. an (6.1a] 


f= 


39. [4.3a] 6xy2(2x — 5y) 40. [4.5a, b] (3x + 4)(x — 7) 

Al. [4.4al (y + 11)(y— 12) 42. [4.6d] (3y + 2)(9y? — 6y + 4) 
43. [4.6b] (2x + 25)(2x — 25) 44. [2.3a] Domain: [—5, 5]; 
range:[—3,4] 45. [2.3a] Domain: (—oo, oo); range: [—5, 00) 
46. [2.4b] Slope: 3; y-intercept: (0,—4) 47. [2.6d)y = —jx +8 
48. [5.8d] 125ft;1000ft? 49. [5.6a]lhr 50. [5.8f] 64L 
51. [6.2a]D 52. [5.6a)/A 53. [5.3b,c]A 54. [6.6a] B 

55. [6.6b] —2 


CHAPTER 7 


Calculator Corner, p. 584 

The calculator returns an ERROR message because the graph 
of y = 4x” + 9 has no x-intercepts. This indicates that the 
equation 4x2 + 9 = 0 has no real-number solutions. 


Exercise Set 7.1, p. 590 

1. (a) V5, — V5, or + V5; (b) (—V5,0), (5,0) 3. (a) 33, 
V6 
3? 
9. 8,0 11. 11 + V7; 13.646, 8.354 13. 7+ 2i 15. 18,0 


—3i, or +37; (b) no x-intercepts 5. + +1.225 7. 5,-9 


3 V 14 
17. ae > 23871, —0.371 19.5,-11 21. 9,5 
i; 5 
23. -24+ V6 25. 11 + 2V33 27. eee 


4 4 “4 4 


7 
7 ( 5) 


2 7 

49. —+ vi 51. -— 
3 3 2 

0.866sec 57. About6.8sec 59. About5.9sec 61. About 

7.1sec 63. (a) B(t) = 0.022t + 2.6, where tis the number of 


years since 1930; (b) about 4.4 million; (c) 2016 


53. 2 + 3i 55. About 


64. 65. 
y AA 
f(x) =5 — 2x? 
ff) =5- 2x 
> > 
x x 
66. 
yA 
2x —-5y=10 
x 
SX) =|5 - 2x| 
V10 
68. 2V22 69. 5) 70.4 71.5 72.4 


- Nosolution 75. Left to the student 


a 0, 3, -8, -*f 


77. 16, -16 


Calculator Corner, p. 596 
1.-3. Left to the student 


Calculator Corner, p. 598 


1. -3,0.8 2. -15,5 3.3,8 4 2,4 


Exercise Set 7.2, p. 599 
4+ VI3 1 v3 


1-44 V14 3. ; 5.5 ti 7 2 + 3i 

9, —3 a 11. -1+42i 13. (a) 0, —1; (b) (0,0), (—1, 0) 
15. (a) > aN). (b) € +N 0),( = 0) 

17. (a) 2; (b) (2,0) 19. -1,-2 21.5,10 23. ws ve4s 
25.2+i 27.%,3 29.2+V10 31.3,-2 33.543: 


1 3 
35. 1, 2 + 3; 37. —3 + V5; —0.764, —5.236 
3 + V65 

39. 3 + V5;5.236,0.764 41. —f 2 2.766, —1.266 

44+ V31 
43. 35? 1.914,-0.314 45.2 46.3 47.10 48. 8 
49. Nosolution 50. Nosolution 51. vi 52. = 

lt 1+ 5 

53. Left to the student; —0.797,0.570 55. ri 8V5 

-itiVl + 4i -1+3VvV5 
57; Se 59. eee 61, 34°73 


Translating for Success, p. 607 


1B 2G 3F 4L 5.N 
9K 10.A 


6.C 7.J 8&E 


Exercise Set 7.3, p. 608 


1. Length: 9 ft; width: 2 ft 3. Length: 18 yd; width: 9 yd 


51 + V 122,399 ft 


5. Height: 16m;base:7m 7. Length: 5 
V 122,399 — 51 : 
width: a ans 9. 2in. 11. 6ft, 8 ft 
13. 28and29 =15. Length: 2 + V14ft ~ 5.742 ft; width: 
17— V109. 
V14 —2ft = 1.742ft 17. ———9 ae = 3.280 in. 


19. 7 + V239 ft ~ 22.460 ft; V239 — 7ft ~ 8.460 ft 
21. First part: 60 mph; second part: 50 mph 
25. Cessna: 150 mph; Beechcraft: 200 mph; or Cessna: 
200 mph; Beechcraft: 250 mph 
retumtrip:4mph 29. About 11 mph 


ai.s=,/4 33 = fom 35. c= [= 


+ V9 + 8N 
37. b= Vc2 — a2 —_— 
—qh + Va7h2 + 277A 4q2L 
41. r= ~g= 
2a T2 
703W cV m? — (mo)? 1 
45. H = ./—— 47. v = —— ; 
fd m x= 2 
(x + 1) (x? + 2) - 
50. 51. . 52. 3x2Vx 
(x — 1) (x2+x+1) (x + 3) (x -— 1) 
; 3(x + 1) Ab 
53. 2iV5.—5 4. 55. 57. +V2 
3x +1 a(3b2 — 4a) 
S w+wv5 
59, A(s) = 1. T= ws 
Exercise Set 7.4, p. 618 
1. Onereal 3. Twononreal 5. Tworeal 7. One real 
9. Twononreal 11. Tworeal 13. Tworeal 
15. Onereal 17. x2-16=0 19. x7+16=0 
21. x2 -— 16x+64=0 23. 25x* — 20x - 12 =0 
25. 12x2 — (4k + 3m)x+km=0 27. x2 — V3x-6=0 
29. x7 +36=0 31. +V3 33.1,81 35. -1,1,5,7 
37. -4,3 391 41. -1,1,4,6 43. 42,45 45. -1,2 
VI15 6 
47, + ms 49. -1,125 51.-3,-% 53. -3 
3 2 
9+ V89 
55. 5-1 + V3 57. (oe.0) 59. (4,0),(=1,0), 
3+ V33 3 — V33 
( 3 .0),( . .0) 61. (—8, 0), (1,0) 
63. Kenyan: 30 1b; Peruvian: 20lb 64. Solution A: 4 L; 
solutionB:8L 65. 4x 66. 3x2 67. 3a\/2a_—s68.. 4 
69. 
yA 
x 
fwM= 2x44 
71. 
y y 
y=4 
a 
f(y) =-x-3 
> > 
x x 
Chapters 6-7 A-25 


23. 40 mph 


27. To Hillsboro: 10 mph; 


73. Lefttothe student 75. (a) —3; (b) -} 
77. x2 - V3x+8=0 79.a=1,b=2,c=-3 81. & 
83. 259 85. 1,3 


Mid-Chapter Review: Chapter 7, p. 622 
1. False 2. True 3. True 4. False 


5. 5x2 + 3x =4 
i eae 1 
=(5x* + 3x) ==-4 
5 5 
ih 
5 5 
i 9 +A 9 
Seb t 
5 100 5 100 
7 89 
x+— a 
10 100 
3 89 89 
5 i ew onsen Of SSS a 
10 100 0 100 
3. V89 V89 
iS or x+—~— = -——_— 
10 10 0 10 
3. V89 3 89 
x=-—a + or SS 
10 10 10 10 
3. V89 
The solutions are —-—~- + ——. 
10 10 
6. 5x2 + 3x=4 
5x2 + 3x-4=0 
5x* + 3x + (-4) =0 
a=5, b=3, c=-4 
He —b+ \/ b2 — 4ac 
2a 
—-3 4+ V32—4-5-(-4) 
x= 
2°5 
va DE VIF 80 
10 
—3 + V89 
x= — 
10 
ve 3 4 V89 
10° +10 
1 v2i 
7,-2+V3 8-35 9.-5+4 V31 eee 


11. One real solution; one x-intercept 12. Two real solutions; 


two x-intercepts 13. Two nonreal solutions; no x-intercepts 
14. Two nonreal solutions; no x-intercepts 15. Two real 
solutions; two x-intercepts 16. Two real solutions; two 
x-intercepts 17. x2-9x-10=0 18. x? - 169=0 
19. x2 -—2V5x-15=0 20. x7+16=0 


21. x*+12x+36=0 22. 21x? + 22x-8=0 

23. 60mph 24. s = aE 25. -$,1 26. +V3,+V5 

27. 7° = VMS 28. -1,-2 29. -1,0 30. -11,5 

31. +47 32. +V6,42i 33 — avs 34. -6 + i 
gg NOD gg PEM 1g 2S oe ew 


6 2 
39.8+ V3 40.34 V10i 41.44 V26 42.9 
43. Given the solutions of a quadratic equation, it is possible to 
find an equation equivalent to the original equation but not 
necessarily expressed in the same form as the original equation. 
For example, we can find a quadratic equation with solutions 
—2 and 4: 


A-26 Answers 


Now x2 — 2x — 8 = Ohas solutions —2 and 4. However, the 
original equation might have been in another form, such as 
2x(x — 3) — x(x — 4) =8. 44. Given the quadratic equation 


—b+ Vb2 - 4ac 


2a 


ax” + bx + c = 0, we findx = 


—b — Vb2 — 4ac 
ve 
2a 
Then we have ax2 + bx + c= 


(« —b+ Vb2- fae) —-b-Vb2 - sat) 
2a 2a ° 


Consider 5x2 + 8x — 3. First, we use the quadratic formula to 
solve 5x2 + 8x — 3 = 0: 


using the quadratic formula. 


-8 + V8? -—4-5-(-3) 

Xx = 
2-5 
e202 V124 -8 + 2V31 
~ 10 ~ 10 

—4+ V31 

x = ——. 
5 
-4 — V31 —4 + V31 
Then 5x? + 8x —3 = (« = ) (« z ) 


45. Set the product 
(x — 1) (x — 2) (x — 3) (x — 4) (x — 5) (x — 6) (x — 7) 


equalto0. 46. Write an equation of the form 

a(3x? + 1)? + b(3x* + 1) + c = 0, where a ¥ 0. To ensure 
that this equation has real-number solutions, select a, b, and c 
so that b2 — 4ac = Oand 3x2 + 1= 0. 


Exercise Set 7.5, p. 630 


1. 4 y yA 
x | f(x) 
0 0 f(x) = 4x” 
1 4 GHEE 
2 16 (0.0), x 
-1] 4 : 
-2| 16 ache 
w_| 
3. ( b) yA 


Vertex: x 
(0, 0) 


f(x 


f(x) = (x + 3)’ 


Vertex: 
(<3, 0) 
I 


ol 
«| 
=o 
Be Be O Wh Wie WIE Wie © e 


[ 


x=0 


Vertex: 
(0, 0) 


x 
fx) = -4x? 


11. 


f(x) = 2(x - 4)" 


15. 


= 3(x- 1)? 


Halaet 


—2, 0) 
[iio 
f(a) = -2(x + 2)? 


Vertex:| 


i 


yA 
x= -2 


2,0) 


x 


19. 


> 
x 
[Ne 0 +2)" 


yA 
ait 


Werte 
4,1) 


| 
| 
Minimum: 1 | 
I 


Vertex: i x 
GB, Del Fy = 3)? +1 


27. 5xy2Wx 


Visualizing for Success, p. 638 


1.F 2H 3A 
9.E 10. D 


N= Maximum: 1 
> 
f] x 
i f(x) = -3(x + 4)? +1 
| 
\ 


TT 
bet (—1, -2)-) 
[Ne =-(x+1)?-2 
| 


28. 12a*b? 


4.1 5C 6J 7G 8&B 


Exercise Set 7.6, p. 639 
1. 


f(x) = 3x" — 24x + 50 


9. 
y 


Maximum: 5.,4.(0, 5) 


f(x =—-x? - 4x -2 


Maximum: 5 


13. y-intercept: (0, 1); x-intercepts: (3 + 2V2, 0), (3 — 2V2, 0) 
15. y-intercept: (0, 20); x-intercepts: (5, 0), (—4, 0) 
17. y-intercept: (0, 9); x-intercept: (-2, 0 19. y-intercept: 

9 


(0, 8); x-intercepts:none 21. D=15w 22, C= ” 


250 250 iss 
oe 24, 250; y= 2B. Ty = Dx 
26. 255) = 325X 27. (a) Minimum: —6.954; 

(b) maximum: 7.014 


29. 31. 
y 


x 


fla) = |x? - 3x -4| 


Minimum: — 5 


Calculator Corner, p. 644 


1. Minimum:1 2. Minimum: 4.875 
4, Maximum: 0.5625 


3. Maximum: 6 


Exercise Set 7.7, p. 649 

1. 180ftby180ft 3. 3.5in. 
7. 200 ft?; 10 ftby 20ft 9. 11 days after the concert was 
announced; about 62 tickets 11. P(x) = —x2 + 980x — 3000; 
$237,100 atx = 490 13. 121;lland1l 15. —4;2and—2 
17. 36;-Gand—-6 19. f(x) =mx+b 

21. f(x) = ax* + bx +c,a>0 23. Polynomial, neither 
quadratic norlinear 25. f(x) = ax? + bx +c,a <0 

27. f(x) = 2x2 +3x-—1 29. f(x) = —jx?2+3x-5 

31. (a) A(s) = 452 — 8s + 1750; (b) about 531 per 200,000,000 
kilometers driven 33, D(x) = —0.008x2 + 0.8x; 15 ft 


5. 3.5 hundred, or 350 


35. Radical; radicand 36. Dependent 37. Sum 
38. Atleastone 39. Inverse 40. Independent 
41. Descending 42. x-intercept 43. b = 19cm, 


h = 19cm; A = 180.5 cm2 


Calculator Corner, p. 654 

1. {x|x < —40rx > 1}, or(—~, —4) U(1, &) 

2. {x|-2 < x < 3}, or (—2,3) 

3. {xlx = —20r0 = x = 0.5}, or (—©%, —2] U[0, 0.5] 
4. {x|-4 = x < Oorx = 4}, or[—4, 0] U[4, 0) 


Exercise Set 7.8, p. 659 


l. {x 
3. {x 
7. {x 


x < —2orx > 6}, or(— 
—2 <x = 2},or[-2, 2] 
-1 <x < 2},or(—l,2) 


oo, —2) U(6, ~) 


5. {x|-1 = x = 4}, or[-1,4] 
9. All real numbers, or 


11. 


x 
f(x) = 2x7 + 5x-2 


Minimum: — 4 


(-00,co) IL. {x]2 < x < 4}, or (2,4) 

13. {x|x < —2o0r0 < x < 2}, or (—, —2) U (0, 2) 

15. {x|-9 < x < -lorx > 4}, or(—9, -1) U(4, ~) 

17. {x|x < —3 0r—2 < x < 1}, or (—o0, —3) U(—2, 1) 

19. {x|x < 6},or(—00,6) 21. {x|x < —lorx > 3}, or 
(—00,-1)U(3,00) 23, {x|-2 = x < 3}, or[—3,3) 

25. {xl2 <x < 3}, or 2,3 27. {xlx < -lor2 <x < 5},or 
(-00,-1)U(2,5) 29. {x|-3 < x < 0}, or[-3, 0) 

31. {x|l <x <2},or(1,2) 33. {xlx < -40rl < x < 3}, 
or(—00,—-4)U(1,3) 35. {x|0 < x < 3}, or (0,3) 


Chapter 7 A-27 


37. {xlx < -30r-2 <x < lorx > 4},or 


5 5 4a 
(—o9, -3) U(-2,1)U (4,0) 39. 3 40. 7 41. y2v4 


3¢ 
42. aa 43. V2 44.17V5 45. (10a + 7)W 2a 


46. 3V10 —4V5_ 47. Left to the student 

49. {x|l - V3 =x = 1+ V3},or[1 — V3,1+4+ V3] 
51. All real numbers except 0, or (—©o, 0) U (0, ©) 

53. {xlx <torx> aI, or (—00, 4) U (3, 00) 

55. (a) {t|0 < t < 2}, or (0, 2); (b) {t|t > 10}, or (10, ~) 


Summary and Review: Chapter 7, p. 661 


Concept Reinforcement 
1. False 2. True’ 3. False 


Important Concepts 

12+ 3i 26 64 V5 3.54 V2, or 6.414 and 3.586 
4. (a) Two real solutions; (b) two nonreal solutions 

5. 5x2 -— 13x -6=0 6. +V2,43 
7. Vertex: (—1, —2); line of symmetry: x = —1; 
maximum: —2; 


8. y-intercept: (0, 4); x-intercepts: (3 — V5, 0) and (3 + V5, 0) 
9. {x|x < 4orx > 10}, or (—~%, 4) U(10, ©) 
10. {x|5 < x < 11}, or (5, 11] 


Review Exercises 


V14 V14 VI14 
1. (a) + by ( .0),( .0) 2.0,-% 33,9 
2 2 2 
3. V7 7 V3 
aE i ° SE j 6. 3,5 Per Aee a 3: 
- a 5 5 a8 7 V3: 
1+ V481 
—0.268, -3.732 8 4,-2 9.444V2 10. an 


11. -3+ V7 12.0.901sec 13. Length: 14 cm; width: 9 cm 
14. lin. 15. First part: 50 mph; second part: 40 mph 
16. Tworeal 17. Twononreal 18. 25x2 + 10x —-3=0 
19. x7 + 8x+16=0 20. A225 21. T= of 

N2 2A 
22. 2,-2,3,-3 23.3,-5 24. +V7,+V2 25. 81,16 
26. (a) (1,3); (b) x = 1; (c) maximum: 3; 
(d) y 


Maximum: 3 |~;(1, 3) 


27. (a) rel (b) x = $3 (c) minimum: 3. 
(d) 


Minimum: 3 


| 
I 
28. (a) (—2, 4); (b) x = —2; (c) maximum: 4; 


A-28 Answers 


{-2, 4) Maximum: 4 


f(x) = —3x" - 12x -8 


29. y-intercept: (0, 14); x-intercepts: (2, 0), (7, 0) 

30. y-intercept: (0, —3); x-intercepts: (2 — v7, 0) and 

(2+ V7,0) 31. -121;1land-11 

32. f(x) = -x2+ 6x-—2 33. (a) M(x) = —0.720x? + 
38.211x — 393.127; (b) about 105 live births 

34, {x|-2 <x < lorx > 2},or(—2,1) U(2, 0) 

35. {xlx < —4 or -2 <x < 1}, or (—00, —4) U(-2, 1) 

36.B 37.D_ 38. f(x) = gx? — 4x — 7; minimum: -42 
39. h=60,k =60 40. 18 and 324 


Understanding Through Discussion and Writing 


1. Yes; for any quadratic function f(x) = ax® + bx + c, f(0) =¢, 
so the graph of every quadratic function has a y-intercept, (0, c). 
2. Ifthe leading coefficient is positive, the graph of the function 
opens up and hence has a minimum value. If the leading 
coefficient is negative, the graph of the function opens down 
and hence hasamaximum value. 3. When an input of 

y = (x + 3)? is 3 less than (or 3 units to the left of) an input of 
y = x?, the outputs are the same. In addition, for any input, the 
output of f(x) = (x + 3)? — 4 is 4 less than (or 4 units down 
from) the output of f(x) = (x + 3)”. Thus the graph of 

f(x) = (x + 3)? — 4 looks like the graph of f(x) = x? translated 
3 units to the leftand4unitsdown. 4. Find a quadratic 
function f(x) whose graph lies entirely above the x-axis or a 
quadratic function g(x) whose graph lies entirely below the 
x-axis. Then write f(x) < 0, f(x) = 0, g(x) > 0, or g(x) = 0. 

For example, the quadratic inequalities x? + 1 < 0 and 

—x* —5 = Ohavenosolution. 5. No; ifthe vertex is off 

the x-axis, then due to symmetry, the graph has either no 
x-intercept or two x-intercepts. 6. The x-coordinate of 

the vertex lies halfway between the x-coordinates of the 
x-intercepts. The function must be evaluated for this value of x 
in order to determine the maximum or minimum value. 


Test: Chapter 7, p. 667 


1. [7.1a] (a) gee (b) (7S 0), ( 23 0) 
3 3 3 
2. [7.2a] 5 + M3; 3. [7.4c] 49,1 4. [7.2a] 9, 2 
5. [7.4c] 23, +V3 6. [7.2a] -2 + V6; 0.449, —4.449 


7. (7.2a]0,2 8. [7.1b]2 + V3 9. [7.1c] About 6.7 sec 
10. [7.3a] About 2.89mph 11. [7.3a] 7cmby7cm 
12. [7.1c] About 0.946 sec 13. [7.4a] Two nonreal 


VV vV3V 
14. [7.4b] x2 — 4V3x+9=0 9 15. [7.3b] T= agit! aa 


16. [7.6a] (a) (—1, 1); (b) x = —1; (CQ maximum: 1; 
(d) 


17. [7.6a] (a) (3, 5); (b) x = 3; (c) minimum: 5; 


(d) 


f(x) = 4x" — 24x + 41 
18. [7.6b] y-intercept: (0, —1); x-intercepts: (2 — V3, 0), 


(2+ V3,0) 19. [7.7a] -16;4 and —4 

20. [7.7b] f(x) = 4x? — 2x 

21. [7.7b] (a) A(x) = —0.3x2 + 2.3x + 18.5; (b) about 14.9 
thousand adoptions 22. [7.8a] {x|-1 < x < 7}, or (—1,7) 
23. [7.8b] {x|-3 < x < 5}, or (—3, 5) 

24. [7.8b] {x|-3 < x < lorx = 2}, or (—3, 1) U[2, «) 

25. [7.4b] A 26. [7.6a, b] f(x) = —$x?2 + x + 8; 


maximum: 3 27. (7.2a] 5 


Cumulative Review: Chapters 1-7, p. 669 
1. [6.7a] About 422 yd 2. [4.1d] 10x? — 8x + 6 


2(a — 4) 
3. [4.2a] 2x3 — 9x2 4+ 7x -—12 4. [5.1d] 
(m — 3)(m— 2) 
6. [5.2¢c] ————____ 
y? + 6y ! VG =) 5) 
2 Gaeta oe peep? = * 
x+2 xy(x + y) 
11. [6.4a] 12V5 


5. [5.le] 


9. [6.1b] 0.6 10. [6.1b] 3(x — 2) 
V6 + 9V2 — 12V3 -4 
—26 

14, [6.8c] 17+ 7i 15. [6.8e] —3 — 2i 

16. [4.5a,b] (2+ 5)(t-—6) 17. [44a] (a + 9) (a - 6) 
18. [4.3a] -3a2(a — 4) 19. [4.6b] (8a + 3b) (8a — 3b) 
20. [4.6a] 3(a — 6)* 21. [4.6d] (3a — 1) (fa* + 4a + 1) 
22. [4.3b] (4a + 3)(6a2—5) 23. [4.3a] (x + 1) (2x + 1) 


24. [1.1d] 13 26. [1.4c] {xlx =f}, or 


12. [6.5b] 


13. [6.4a] 256 


mv 
25. [1.2a] r = — 
[1.2a] FE 
‘ 4 
[F.00) 27. [1.5b] 5 x1x < — 3 Orx > Gp, or 


4 
(-~, -3) U(6,00) 28. [1.6e] {xl— Ps x = 7}, or 


[aa 


29. [3.3a](—4,1) 30. [3.5a] (3,3, -5) 


4’ 4 
31. [4.8a]4,-3 32. [5.5a]-2 33. [5.5a]3 
aA 
34, [5.7a]m= > 35. (6.6a]*¥ 36. [6.6b] 11 
V55 17 + V145 
37. [4.8a]4 38. (7.2a] > + aeer 39. [7.2a] 
40. [7.3b]a = VP? + b? 41. [7.8b] 


{x|-3 < x < -20r-1 <x < 1}, or(-3, -2) U(-1, 1) 

42. [7.8a] {xlx < —orx > 3, or (—00, -3) U G oo) 

43. [2.5al 44, [3.7b] 45. [3.7b] 
y y y 


xty=2 : : v3 


4 
I! 
1 
! 
! 
! 
I 
y26x-5 I 
! 
v. 


47. (7.6a] 48. [7.6a] 
yA y 
ee f(x) = -2x7 +3 
f@=x°-1 | 
49. [2.6b)y=3x+4 50. [2.6d] y = —3x + 1 
51. [7.3a] 16 km/h 52. [7.7a] 14 ft by 14 ft; 196 ft? 
53. [3.2b],[3.3b]36 54. [5.6a]2hr 55. [7.1b]A 
2 —51 + 7V61 
56. [7.4c]B 57. [7.4 ‘ 
Hae) te aver 194 


58. 


(4.6) (s n 22) (< ab ‘ *) 
. 2 9 4 9 81 


CHAPTER 8 


Calculator Corner, p. 676 


1. Left to the student 


2. Left to the student 


Calculator Corner, p. 680 


1. $1040.60 


2. $1049.12 3. $30,372.65 4. (a) $10,540; 


(b) $10,547.29; (c) $10,551.03; (d) $10,554.80; (e) $10,554.84 


Exercise Set 8.1, p. 681 


1. 


13. 


(x ] f(x)) y 3. y 


f(x) = 2* f(x) =5* 


rFPwWNnNr Oo 


ae 
f wn 
[o-nnens moe 


11. 


f(x) = 2-3 


x 


fw =5**3 


«| 
as 
COP Ph OF BR NIE He & 


Chapters 7-8 A-29 


27. 


$54,121.61; $58,582.97; $60,949.72; $74,297.37; 


(c) 


33. 
(b) 


35. 


37. 
(b) 


39. 


45. 


51. 


(a) A(t) = $50,000(1.02)% (b) $50,000; $51,000; $52,020; 


A) 29. $2161.16 31. $5287.54 
$300,000 + 
250,000 +- 
200,000 +- 
150,000 +- 
100,000 +- 
50,000 -~A(t) = $50,000(1.02)' 
20 rf 7 0 in in t 
(a) 12,279 MW; 24,274 MW; 47,986 MW; 
Wit) 
we Mot 
Bam 20F 
TH 
Ewe 
ae 
2 g S 7 T W(t) = 8733.5(1.406)' 
2 4 6 8 ¢t 
Years since 2005 
(a) $5105; $2487; $1212; (b) P(t) 
$6000 + 


5000 
4000 4 
3000 +- 
2000 +- 
1000 + 


P(t) = 5105(0.698)* 


Average price 


45 6¢ 
Years since 2004 


(a) 257,500 cans; 68,295 cans; 4804 cans; 


Nit) 
x 500,000 
% g 400,000 4 
25 300,000 +- 
3 z 200,000 \ N(#) = 500,000(0.515)* 
$100,000 £ 
t t > 
2 4 6 8 10 t 
Year 
1 2 
=) 40. =a 41.1 42.1 43.3 44. 2.7 
x x 
1 4 
=z 46.—~ 47.x 48. x 49. 5*,or625 
x? x10 
vi: 53. y 
= |(1)"_ 
y=) -1 
y=2*+2* 


A-30 


Answers 


57. Left to the student 


Exercise Set 8.2, p. 698 
1. Inverse: {(2, 1)}, (—3, 6), (—5, —3)} 


x+2 
5. Yes 7.No 9.No 11. Yes 13. f-'(x) = z 
15. fx) => 1. Fa) =e - 7) 
2 
19. f- (x) ==-5 21. Not one-to-one 
1 — 3x 
23. f-(x)=——>5 28. f(x) = Wx +1 
)= 
)= 
y 
f '@ =2x+6 
4 5 5 4 
0 —3 =3 0 
2 =2 =2 2 1 
4 -l —] 4 fO) = 5%*-3 


31. f-'(x) = Wx 
(x ] Ae) (x | pw aarerr 
0 0 0 0 fiw =Ve 
1 1 1 1 
2 8 8 2 
3] 27 27 3 
1 1 1 1 
2 8 8 2 
3 | -27 27 3 
XX XQ J 
33. —8x +9;-8x +18 35. 12x2 — 12x + 5;6x2 +3 
16 2 
37. —- 1; 39. x4 — 10x2 + 30;x4 + 10x2 + 20 
x2 4x2 — 1 
41. f(x) = x7, 9(x) =5-—3x 43. f(x) = Vx, g(x) = 5x + 2 
1 1 
45. f(x) = x? St) =x-1 47. f(x) = Ve g(x) = 7x + 2 
49. f(x) = x4, g(x) = Vx+5 
51. (flo f) (x) =f (f(x) = f(x) = (x) = 5 
(fof) (x) =f Ma) = F(Ex) = s(Fx) = x 
+7 
53. (f= f(x) = FU feay) = (24) 
= (247) foe4 7-7 Sx 
fof) (x) =f(f (x) = f(x - 7) 
2x-7+7 2x 
i. 2 ee ie 
-1 — f-l _~paifla=* 
55. (f° ef) (x) =f (F(x) =f ( 7 ) 
1 1 
;— — x; 
1l- 1 
+1 = 
x x 
o fol = 1 = 1 ) 
(fof) (x) = fF-"(x)) (4 i 
1 x 
1 = 
x+1 x+1 
= = =X 
1 1 
x+1 x+1 
57. f (x) =3x 59. f-'x)=-x 61. fx) =2x3 +5 
63. (a) 40, 42, 46, 50; (b) f-!(x) = x — 32; (c) 8, 10, 14, 18 
65. Va 66. \/x2__67. a2b3— «68. 2t2, «69. V3_—s 70. 2/2 
71. V2xy 72. Wp?t 73. 2a3b8 ~=—74. 10x3y6 = 75. 3a2b2 
76. 3pq> 77. No 79. Yes__ 81. (1) C; (2) A; (3) B; (4) D 
83. 85. f(x) = $x + 3; 


g(x) = 2x — 6; yes 


Exercise Set 8.3, p. 710 


1. 


x= 2Y 
(ra 
x,or2Y | y 
1 0 
2 1 
4 2 
8 3 
1 
t -1 
1 = 
ri 2 
‘ -3 
ee Sf 


y 


S(%) = log 9X 


f= log, ..* 


1 
7. 3 =1og}91000 9. —3 = logs oe. 2h 4 = logg2 


13. 0.3010 = logjg2 15. 2=loget 17. t= loggx 
19. 2 = log,7.3891 21. —2 = log, 0.1353 23. 4” = 10 
25. 62 = 36 27.102%=0.01 29. 109-9031 = g 
31. e46052— 190 33. r*=Q 35.9 37.4 
4l. 43.25 45.1 47.3 49.2 51.2 53. -1 
55. 57.4 59.2 61.3 63. —-2 65.0 67.1 

69. 71. 4.8970 73. —0.1739 75. Does not exist as a real 
number 77. 0.9464 79. 6 = 109-7782, g4 = 101.9243. 


39. 4 


WINDOW 


987,606 = 105-9946; 9.00987606 = 1072-954; 98,760.6 = 104-9946; 
70,000,000 = 107-8451; 7000 = 103-8451 
83. Leading term 

86. Parabolas 


81. Conjugate 

84. Quadratic; discriminant 
87. Line of symmetry 
91. 25 93. 32 


82. Direct 
85. Inconsistent 
88. a+ bi 89. 


95.- 97.3 99.0 101. —2 


Calculator Corner, p. 715 


1. Notcorrect 2. Correct 
5. Notcorrect 6. Correct 


4. Correct 
8. Not correct 


3. Not correct 
7. Not correct 


Exercise Set 8.4, p. 718 


1. loga32 + logo8 3. logy64 + logy16 5. loggQ + loggx 


7. logp252. 9. log-Ky 11. 4log,;y 13. 6logyt 
15. —3log,C 17. logg67 — log,5 19. log,2 — logy5 
21. log. # 23. 2loggx + 3loggy + loggz 
25. logpx + 2logyy — 3logyz 27. $log.x — log. y — Slog,z 
2/3 
29. 2logqgm + 3loggn — 3 - 2 logab 31. loga~ 
i y 
été gatos. aeving, “* ana70 
8a Vy - 1084 Fe + (08a. 4 

39. 0.51 41. —-1.609 43. 4 45. 2.609 47. Cannot be 
found using the properties oflogarithms 49. ¢ 51.5 
53.7 55.-7 57.i 58-1 59.5 60.2+4i 
61. 23-181 62. 10i 63. -34-3li 64. 3 - 4i 
65. Lefttothe student 67. log, (x® — x4y? + xy4 — y§) 
69. 5 loga(1 —s)+ 5 loga(1 +s) 71. False 73. True 
75. False 
Mid-Chapter Review: Chapter 8, p. 720 
1. False 2. True 3. False 4. True 
5. logsx = 3 

=x 

125 = x 


6. (a) log, 18 = log, (2 - 9) = logg2 + log,9 = 0.648 + 2.046 = 
2.694; (b) logas = log, 1 — logg2 = 0 — 0.648 = —0.648 


Chapter 8 A-31 


fm) = log «x 
f(x) = log, ,.* 


11. (a) A(t) = $500(1.04)*; (b) $500; $584.93; $740.12 


-1 
12. $1580.49 13. f(x) =~ <A) = Ve-2 
15. 1 — 2x;8— 2x 16. 9x? — 6x + 2;3x2 + 2 


17. f(x) = =; a(x) =x+4 18. f(x) = Vx;g(x) = 6x —7 


19. (fo A)(a) = PD) = F(Z) = 32) = = 
(fet) (x) = FU) = fx) = = x 


=f \(f(x)) =f Wa + 4) 
=(Wx+4)8-4=x+4-4=4; 
(fe f7) (x) = fUFG)) = fle3 - 4) 
= Wx8 —444= Ve8=x 
21. 3:= log7 343 22. -4 = logs = 23. 6! = 12 


20. (fhe f) (x 


WV 


24.n"=T 25.3 26.2 27.2 28.5 29. 2.3869 
30. —0.6383 31. log,2 + logyx + 2logpy — 3logyz 


XVZ 
32. Flogax + flogay — $logaz 33. logg —,~ 


34. logm(b— 4) 35.0 36.1 37. -3 38.5 

39. V(t) could be used to predict when the value of the stamp 
will be t, where V(t) is the number of years after 1999. 

40. log, bis the number to which a is raised to get c. Since 


loggb=c,thena®=b. Al. Express as x - 5-1 and then use 


the product rule and the power rule to get log, (2) - 


logg(x- 5 ') =loggx + log,5 ! = loggx + (—1) logg5 = 
log,x — log,5. 42. The student didn't subtract the logarithm 
of the entire denominator after using the quotient rule. The 
correct procedure is as follows: 


logy ~ = logy ~ 

O8b 7 = 108d. 
= logpx — logy xx 
= logyx — (logpx + logy x) 
= logpx — logyx — logyx 
= —logpx. 


(Note that —log) x is equivalent to log, 1 — log, x.) 


Calculator Corner, p. 726 


1. y =log,x 2. y = log, x 


6 4 


A-32 Answers 


3. y = logy). x 5. y = logs ),x 
6 10 


—6 —10 


Visualizing for Success, p. 727 


1.J 2B 30 4G 5N 6F 7A 8H 
9.1 10.K 


Exercise Set 8.5, p. 728 


1. 0.6931 3. 4.1271 5. 8.3814 7. —5.0832 9. —1.6094 
11. Does notexist 13. —1.7455 15.1 17. 15.0293 

19. 0.0305 21. 109.9472 23.5 25. 2.5702 27. 6.6439 
29. 2.1452 31. —2.3219 33. —2.3219 35. 4.6284 


aa ae) 
0 1 
1} 27 
2] 7.4 
3 | 20.1 
-l|} 04 
—2/ 01 
—-3 | 0.05 
a, 


39. 


43. yy 


x 
47. y 
x | f(x) 
f(x) = In (& + 2) 
0 0.7 
1 1.1 
2 14 
3 1.6 
—0.5 0.4 
-1 0 
—1.5 | —0.7 
\d 
49. y Sl. y 
f(x) = In (x - 3) 
f(x) =2Inx 
Lite x = x 
53. oy 55. 


f(x) = $inx +1 


f(x) = |Inx 


x x 


57. 16,256 58. 4,9 59. 49,121 60. +3,+4 
61. Domain: (—©9, co); range: [0, 00) 
63. Domain: (—0°o, co); range: (—00, 100) 


Calculator Corner, p. 733 
Left to the student 


Exercise Set 8.6, p. 736 
1.3 3.4 53 72 9.34594 11. 5.4263 13.3 


15. -3,-1 17. 3 19. 4.6052 21. 2.3026 23. 140.6705 
25. 2.7095 927. 3.2220 «29. 25631. 4 33. 10 35. “a 


1 
37. e* + 7.3891 39. = = 0.3679 41.121 43.10 45. ; 


47.3 49. 2 51.5 53. Nosolution 55. +10, +2 
4/3 
—5 + V4l1 
56. —64,8 57. —2,-3, 58. —7 1 Z 
60. -i 61.1 63. (a) 0.3770; (b) —1.9617; (c) 0.9036; 
(d) -1.5318 65.3,4 67. —-4 69.2 71. +V34 
log 5 
73. 10100,000 75. 1,100 77. 3,-7 79. co ~ 1.465 
log 3 


Translating for Success, p. 746 


1D 2M 31 4A 5E 6H 7C 8&G 
9.N 10. B 


Exercise Set 8.7, p. 747 

1.90dB 3. 10°75 W/m2, or about 3.2 x 10-8 W/m?; 
-10° W/m? 5. About6.8 7. 1.58 X 10-8 moles per liter 
9. 2.36 ft/sec 11. 2.99ft/sec 13. (a) $27.87 billion; 

(b) 2013; (c) about4yr 15. About 560,664 PB per month; 
(b) 2010; (c) about 0.77 yr_~—-17.. (a) P(t) = Poe®-%; 

(b) $5152.27; $5309.18; $6749.29; (c) in 23.1 yr 

19. P(t) = 6.8e9-01188!, (h) 7.2 billion; (c) 2076; (d) 58.3 yr 
21. (a) k © 0.076; C(t) = 80e°°76; (b) about $426 billion; 
(c) 2014 23. About2103 yr 25. About 7.2 days 

27. 69.3% per year 29. (a) k ~ 0.103; D(t) = 29.7e 0-103"; 
(b) about 1.84%; (c) 1996 31. (a) k = 0.004; 

P(t) = 2.431e~ 9-04; (h) 2.244 million; (c) 2027 

33. (a) k © 0.134; V(t) = 640,500e°-!34"; (b) $1,094,715; 

(c) 5.2 yr; (d) 2008 35. -1 36.1 37.7 38 i 
39.-1-i 40.-2 41.8-; 42, -24+2i 
43.41 44.91 +60i 45. —0.937, 1.078, 58.770 

47. —0.767,2,4 49. $13.4 million 


Summary and Review: Chapter 8, p. 752 


Concept Reinforcement 


1. True 2. False 3. False 4. True’ 5. True’ 6. True 
7. False 8. True 


Important Concepts 
1. y 2. Ves 3. ¢ '(x)=4-x 


fa) =2* 


5. 8x + 2;8x4+ 1 


* 295x224 


1 
6. f(x) = x? 8%) = 3x + 2; answers may vary 


y = log.x 


av 


% x 1/2 
8. 2logax - 2 logay 9. log, ve or logg es 
J y 
10. y 11. y 
f@ =In( + 3) 


RY 


Review Exercises 
1. {(2, -4), (—7, 5), (—2, -1), (11, 10)} 


3g x)= F238 apy ate 5. f@) 


2. Not one-to-one 
_ 3x—-4 
2x 


re 
8. 
1 
3 
9 
27 
ay lft 
3 
1 
1 | -2 
1 
5 |-3 
—, 


°. qo =m 
x | f(x) 
0} 2.7 
1 7.4 
2 | 20.1 
3 | 54.6 
-1 1 
—2) 0.4 
-3) 0.1 
\ 


Chapter 8 A-33 


10. 


f@&) =In@& - 1) 


11. (f° g) (x) = 9x* — 30x + 25; (gef) (x) = 3x2 —5 
12. f(x) = Vx, g(x) = 4 — 7x; answers may vary 

13. 4=1og10,000 14.4=logs55 15. 4% = 16 
16. (3)3=8 17.2 18-1 191 20.0 

21. —2.7425 22. Does not exist as a real number 


23. 4log,x + 2loggy + 3log,z 24. ;logz — ?logx — jlogy 
1/2 


a 
25. log, 120 26. MOR 27.17 28. —-7 29. 8.7601 
IC 


30. 3.2698 
34. 0.3753 


31. 2.54995 32. —3.6602 33. —2.6921 
35. 18.3568 36.0 37. Does not exist 


38. 1 39. 0.4307 40. 1.7097 41. 3 42.2 43. 


44. e2 ~ 0.1353 45.5 46.1,-5 47. 


48. 52. V43 


53. 137dB 54. (a) 85.0 million returns; 98.4 million returns; 
113.9 million returns; (b) 2014; (c) about 9.5 yr 
(d) RW)» 


~ 35.0656 49.2 50.8 51. 5 


S 
36 


a 
rc 


. 
= 
3S 


R(t) = 68.2(1.076)' 


e-filed (in millions) 
Ss 


Number of tax returns 


3 6 9 12 ¢ 
Years since 2005 


55. (a) k = 0.094; V(t) = 40,000e%-°944, (b) $102,399; (c) 2017 
56. k = 0.231 57. About20.4yr 58. About 3463 yr 
59.C 60.D 61. e% 62. (2, -3) 


Understanding Through Discussion and Writing 

1. Reflect the graph of f(x) = e* across the line y = x and then 
translate itup one unit. 2. Christina mistakenly thinks that, 
because negative numbers do not have logarithms, negative 
numbers cannot be solutions of logarithmic equations. 


100 + 5. 
3. C(x) = — 
y= “oo Replace C(x) with y. 
100 + 5y 
x= —e Interchange variables. 
100 
Y= y~5' Solve for y. 
100 
C(x) = aoe Replace y with C!(x). 


C~!(x) gives the number of people in the group, where x is 

the cost per person, in dollars. 
4. To solve In x = 3, graph f(x) = Inx and g(x) = 3 on the 
same set of axes. The solution is the first coordinate of the point 
of intersection of the two graphs. 5. You cannot take the 
logarithm of a negative number because logarithm bases are 
positive and there is no real-number power to which a positive 
number can be raised to yield a negative number. 6. Answers 
will vary. 


A-34 


Answers 


Test: Chapter 8, p. 760 


1. [8.la 2. [8.3a] 
yA 
fa) =2't! 
x 
3. [8.5c 
yp y 
f(x) = In & - 4) 
"f x) ft? 
5. [8.2a] {(3, —4), (-8, 5), (—3, -1), (12, 10)} 
+3 
6. [8.2b, c] f(x) = as 7. [8.2b, cl f(x) = Wx - 1 
8. [8.2b] Notone-to-one 9. [8.2d] (f° g) (x) = 25x* — 15x + 2, 


(g° f) (x) = 5x2 +5x—2 10. [8.3b] logosg 16 = 5 
11. [8.3b] 7” = 49 12. [8.3c] 3 13. [8.4e] 23 14. [8.3c] 0 
15. [8.3d] —1.9101 16. [8.3d] Does not exist as a real 


number 17. [8.4d] 3loga + slog b — 2loge 
1/372 


18. [8.4d] loga - 19. [8.4d] —0.544 20. [8.4d] 1.079 
21. [8.5a] 6.6938 22. [8.5a] 107.7701 23. [8.5a] 0 
24. [8.5b] 1.1881 25. [8.6b]5 26. [8.6b] 2 
27. [8.6b] 10,000 28. [8.6b] e!/4 = 1.2840 
log 1.2 
29. [8.6a] jog? ~ 0.0937 30. [8.6b]9 31. [8.6b] 1 
32. [8.7a] 4.2 33. [8.7b] (a) $3.18 trillion; (b) 2018; (c) about 9.5 yr 


34. [8.7b] (a) k © 0.028, or 2.8%; P(t) = 1000e%98%, 
(b) $1251.07; (c) after 13 yr; (d) about 24.8 yr 


35. [8.7b] About 3% 36. [8.7b] About 4684 yr 37. [8.6b] B 

38. [8.6b] 44,-37 39. [8.4d] 2 

Cumulative Review: Chapters 1-8, p. 763 

1. [1.1d] 4 2. [4.8a] -2,5 3. [3.3a] (3, -1) 

4. [3.5a] (1,—-2,0) 5. [5.5a] 3 6. [6.6b]5 = 7.:-[7.4c] 9, 25 
log 7 

8. [7.4c] +2,+3 9. [8.6b]8 10. [8.6a] iz = 0.3542 
5 log 3 


11. [8.6b] 12. [7.8a] {xlx < —Sorx > 1}, or 
(—o0, -5)U(1,co) 13. [1.6e] {x|x = —-3 orx = 6}, or 
(—co,-3]U[6,00) 14, [7.2a] -3 4 2V5 
15. [5.7a] a = ee 16. [5.7a] q = Pf 

b-D p-f 
17. [5.1a] (—00, -3) U(—},2) U(2, 00) 18, [5.6a] & min, 
or5;;min 19. [8.7a] (a) 78; (b) 67.5 
20. [3.4a] Swim Clean: 60 L; PureSwim:40L 21. (5.6c] 2ékm/h 
22. [8.7b] (a) P(t) = 196e9-°!2¢, where P(t) is in millions and fis 
the number of years after 2008; (b) about 205.6 million, about 


213.2 million; (c) about 57.8 yr 23. [4.8b] 10 ft 24. [5.8e] 18 
25. [2.5a 26. [3.7b 27. [7.6a] 
y yy y 
—2x — 3y <6) 
x 
% x 
5x = 15 + 3y 
f (x) = 2x" -— 4x -1 


28. [8.1a] 29. [8.3a] 3. 2 4, 


x? +y-16=0 4x” + ay” = 100 
a: 4 6 
y = log,x 
—-6 6 -9 9 

j -4 -6 

30. [4.1d] 8x2 — llx-—1 31. [4.2c] 9x4 — 12x2y + 4y? 5. 24 y-10x-11=0 
(x + 4) (x — 3) 6 
32. [4.2b] 10a2 — 9ab — 9b? 33. [5.1e] ———_-— 
2(x — 1) 
+ 
ao 25.i93q.—__*** — 3 15 
x- (x + 6) (x — 6) 
36. [4.6d] (1 — 5x) (1 + 5x + 25x?) 
37. [4.3al], [4.5a, b] 2(3x — 2y) (x + 2y) 26 
38. [4.3b] (x3 + 7)(x— 4) 39. [4.3al, [4.6a] 2(m + 3n)? 
40. [4.6b] (x — 2y) (x + 2y) (x? + 4y?) Exercise Set 9.1, p. 775 
—42 . ; 
Al. [2.2b] -12 42. [5.3b,c] x2 — 2x2 — 4x — 12 + eee : a 2 7 
43. [6.3a] l4xy2Vx 44. [6.3b] 2y2W/y you xoy'tay+1 
+ Vy 
45. [6.5b] a 46. [6.8c] 12 + 4V3i “ % 
47. [8.2cl f-'(x) = _ or ~ 48. (2.6d] y = 1x +18 
x3 5 y 7. ya 
49. [8.4d] ios ( 7 ;) 50. [8.3b] a* = 51. (8.3d] —1.2545 
y"% se 
52. [8.3d] 776.2471 53. ee 2.5479 54. [8.5a] 0.2466 2 eee 
55. [7.6a]D 56. [7.3b] D . [5.5a] All real numbers oe REnnne=arti i. 
46 000 
except 1 and —2 . (8. 6b] 5 i : 59. [5.6c] 35 mph f\ x= —3y’-6y-1 
CHAPTER 9 9.5 ll. V29~ 5.385 13. VOd8 ~ 25.456 15. 7.1 
Calculator Corner, p. 769 17. a ~ 0.915 19. V6970 = 83.487 21. Va? + b2 
1. usd 2. 2 7 
— vapet a es 2 23, V17 + 2V/14 + 2V/15 © 5.677 


25. V9,672,400 ~ 3110.048 27. (3,4) 29. (0,4) 
31. (-1,-%) 33. (-0.25,-0.3) 35. (-4,4) 


3 15 -9 9 
V2 + V3 3 
37. (—{——.- ] 39. yA 
2 2 
=6 =6 Center: (—1, —3) 
Radius: 2 
3. aye 
x= 4y? —12y+5 
eee 
=8 12 (x+ 1)? + (y+ 3)?=4 
Al. r 43. 
-6 Center: (3, 0) 2 ty = 35 
Radius: ¥2 


Calculator Corner, p. 774 


(x- 1)? + (y+2)? =4 : (x + 2)? + (y— 2)? = 25 
2 7 (x—3)?+y7=2 as © 0) 
-6 6 45.x* + y2=49 47. (x +5)? + (y-3)2 =7 


49. (-4,3),r=2V10 51. (4,-1),r=2 53. (2,0), r=2 
55. (9,2) 56, (-8,16) 57. (-34,-3) 58. (1,2) 

59. Nosolution 60. (2a + b)(2a—b) 61. (x — 4) (x + 4) 
“6 = 62. (a — 3b)(a + 3b) 63. (8p — 9q) (8p + 9q) 

64. 25(4cd — 3)(4cd +3) 65. x2 + y? = 

67. (x + 3)* + (y + 2)% = 69. V49 + k? 


71. 8V m2? +n? 73. Yes 75. (2,4V2) 
77. (a) (0, —8467.8); (b) 8487.3 mm 


Chapters 8-9 A-35 


Calculator Corner, p. 782 
= , 36 — 4x? 


3. 
36 — 9(x — 1)? 
y= 2+ j88= 9a" 
36 — 9(x — 1)? 
2 
—6 6 


-6 


Exercise Set 9.2, p. 784 
1. yA 3. 


_ [144 = 16x? 
\ 9 ; 


=| 144 — 16x? 


Wasty 

144 — 9(x + 2)2 

p= 
7 


5. 
4x? + gy” = 36 
9. 
12x? + sy? — 120=0 
13. F 15. i 
x 
(x2) | y-1? _| oy —oe 
25 
17. y 19. : 
x 
12(x — 1)? + 3(y + 2)? = 48 (x +3)? + 4(y + 1)?-10=6 
1 + 2ivV5 6+ V15 -l+iv7 
21. zivS 22, = 23. ant 


A-36 Answers 


44 — te + 2) 


24.-1+VI1 25. -1 + 3V2;3.2, -5.2 

26. 1 + V11;4.3,-2.3 27. NSS aa, —0.2 
28. SAVE 09, —2.4 29. loggb=-t 

30. logg17=a_ 31. e3 1781 = 24 32. eP=W 
93, 4% 1 5 +P a1 
Mid-Chapter Review: Chapter 9, p. 787 

1. True 2. True 3. True 4. False 

5. (a) d = V (x2 — x1)? + (2 — ni)? = 

V(4 — (-6))? + (-1 — 2)? = V(10)? + (-3)? = 


V100 + 9 = V109 = 10.440; (b) 7? 


(SS) (Ga) = (43) 
6. x 


2 — 20x + y* + 4y = -79 


xX, + X2 eve) 


oe re 
(x - a (y + 2)% = 25 
(x — 10)? + (y — (-2))? = 5? 


Center: (10, —2); radius: 5 

7. 3V2~ 4.243 8. V120.53 =~ 10.979 9. VI11 * 3.317 

10. (—3,2) 11. (-§ 3) 12. (-1.5,-3.9) 13. Center: 

(0, 0);radius:11 14, Center: (13, —9); radius: V109 

15. Center: (0,5); radius: V14_ 16. Center: (—3, 7); radius: 4 

17.x2+y2=1 18. (x +3)? + (y- 3)? =# 

19. (x + 8)? + (y— 6)* =17 20. (x — 3)? + (y + 5)* = 20 
22. 


21. 
y y 
y 
Ss 
x 
y=x?+2x-1 + 
2 2 
(x - 1)? + (y+2)?=9 
24, 25. 26. 
y y 
y 
xtyad 
x x 
x 
x=y'’-2 
@-? | t3 _ 
a 
27. 28. 
y y 
y=6-x 
= x 
x? y? 
gt 


29. One method is to graph y = ax” + bx + cand then use the 
DrawInv feature to graph the inverse relation, x = ay? + by + c. 
Another method is to use the quadratic formula to solve 

x = ay* + by + c, oray* + bx + c — x = 0. The solutions are 


—b + Vb? — 4a(c — x) 


oa . Then graph 
—b + Vib? ~ dale x) 
y= 2a 
b — Vb? — 4a(c — x) 
2 = op on the same screen. 


30. No; a circle is defined to be the set of points in a plane that 
are a fixed distance from the center. Thus, unless r = 0 and the 
“circle” is one point, the center is not part of the circle. 

31. Bank shots originating at one focus (the tiny dot) are 
deflected to the other focus (the hole). 

32. (a) 10 


715 15 


—10 
(b) Some other factors are the wind speed, the amount of rainfall 
in the preceding months, and the composition of the forest. 


Calculator Corner, p. 792 


1. 23 
_ 15x? — 240 _ _ /16x? — 320 
My \ a , y= V 5 , 
__ V _ = 240 __ 5 ae = 320 
| 16x2 — 48 _ 45x? = 405 
= ac a , y= Vv 9 , 
__ [asx = 48 — = = 405 


ap ap 


Visualizing for Success, p. 793 


1.C 2E 3G 4J 5B 6F 7.A 8H 
9.1 10. D 


Exercise Set 9.3, p. 794 


1. y 

eerenrecc 
Pras 
o 97! 


BY 


25x” — 16y” = 400 


av 


23. Vertical line 

24. Common 25. Exponent 26. Horizontal line 

27. Function 28. Half-life 29. Left to the student 
31. Circle 33. Parabola 35. Ellipse 37. Circle 

39. Hyperbola 41. Circle 


21. Discriminant 22. Vertex 


Calculator Corner, p. 799 
1. Lefttothe student 2. Left to the student 


Exercise Set 9.4, p. 803 
1. (—8, -6), (6,8) 3. (2,0),(0,3) 5. (—2,1) 
aoe to aa 1) 
, 3’ 3 : 3 3 

Gat -1) 1. ,1),(1,-7) 13. (3, —-5), (-1,3) 
me : ave -8+ swv8) € — 3iV6 -8 — V8) 
7 (- 


(-7 
2 2 : 2 
, 0), (4,3), (4, -3) (3,0), (-3,0) 21. (2,4), 
)» (4, ae 4, —2) 3. (2, ae 2, —3), (3,2), F 
) 25. (2,1),(-2, as 7. (5,2), (—5, 2), (2, -4), 
} 29 (V2, -V2),(- a V2) 
ay € 8iV5 3V105 =),(- 8iV5- 3v 105 
° 5 7 5 , 
ee 3vI08), ( sive avis) 

5’ 5 5’ 5 
33. Length: 4 ft; width: 2 ft 35. Length: 7 in.; width: 2 in. 
37. Length: 12 ft; width: 5 ft 39. 24 ft; 16 ft 
41. Length: V2m;width:1m 43. Length: 24.8 cm; height: 


, 


5,0 
-2,-4 
-3, -2 
2-5 


x+5 7x +3 
18.6cm 45. f-l(x) = 46. f-!(x) = 5 
3x + 2 4x +8 
47. f- lx x)= 1x 48. 5 lx x)= Bx 3 49. Does not 


exist 50. Doesnotexist 51. f-!(x) =logx 

52. f (x) =Inx 53. flix) = Wx + 4 

54, f(x) =x3-2 55. f M(x) =e* 56. f 1(x) = 10” 
57. Leftto the student 59. One piece: 3832 cm; other piece: 
61cm 61. 30units 63. (3,4), (3,3) 


Summary and Review: Chapter 9, p. 807 
Concept Reinforcement 
1. False 2. True’ 3. False 


Important Concepts 
2. V10 © 3.162 3. (4, —-8) 


y=—-x?-4x-1 


Chapter 9 A-37 


4. Center: (2, —1); radius: 4; y 


(x — 2)? + (y+ 1)?=16 


1 \ 
25x + 4y” = 100 voy, 
9 5 
8. (—6, 0) and (0, 2) 
Review Exercises 
1.4 25 3. V901+9.492 4. V9+ 4a? 5. (4,6) 
3 V3 - V2 
5 1 
6. (-3,3) 7 g4*) 8. (3,2a) 9. (-2,3), V2 
10. (5,0),7 11. (3,1),3 12. (—4,3), V35 
13. (x + 4)? + (y— 3)? =48 14. (x — 7)? + (y + 2)* = 20 
15.0 yp 16. 17, yh 
y 7 
> 
x x x 
¢ y 
Tet a>! x +y’=16 
18. y 19. y 20 y 


y =—2x"°- 2x +3 


x? y? 

a7 4a7! 
25. (7,4) 26. (2,2),(9,-9) 27. (0, -3), (2,1) 
28. (4,3), (4, -3), (—4, 3), (—4, -3) 


30. (3, -3), (—2, 4) 


31. (6,8), (6, —8), ( 
32. (2, 2),(— ) 
33. Length: 4 in.; width: 3 in. 


34. 11ft,3ft 35. 4and8 


A-38 


Answers 


36. Length: 12m; width:7m 37. B 38. D 
39. (-5, -4v2), (-5, 4V2), (3, -2V2), (3,2V2) 
a ye 


_ 9)2 Pr x LF 9 
40. (x- 2)? +(y+1)?=25 4 7o +> =1 42 (7, 0) 
43. Parabola 44. Hyperbola 45. Circle 46. Ellipse 


47. Circle 48. Hyperbola 


Understanding Through Discussion and Writing 


1. Earlier, we studied systems of linear equations. In this 
chapter, we studied systems of two equations in which at least 
one equation is of second degree. 2. Parabolas of the form 
y = ax? + bx + cand hyperbolas of the form xy = c pass the 
vertical-line test, so they are functions. Circles, ellipses, 
parabolas of the form x = ay” + by + c, and hyperbolas of the 
x2 2 y? 2 
az be mare a’ 
hence are not functions. 3. The graph ofa parabola has one 
branch whereas the graph of a hyperbola has two branches. A 


form = 1 fail the vertical-line test, and 


hyperbola has asymptotes, but a paraboladoes not. 4. The 
b 
asymptotes are y = x and y = —x, because for a = b, +7 = +1. 


Test: Chapter 9, p. 813 
1. [9.1b] V180 ~ 13.416 


2. [9.1b] 36 + 4a2, or2V/9 + a2 


3. [9.1c] (0,5) 4. [9.1c] (0,0) 5. [9.1d] Center: (—2, 3); 
radius:8 6. [9.1d] Center: (—2, 3); radius: 3 
7. [9.1d] (x + 2)2 + (y + 5)? = 18 
8. [9.la] 9. [9.1d] 
y yA 
8 
Ch t 
yx" 4x-1 x? + y? = 36 
10. [9.3a] 11. [9.2a 
y y 
x 
x2 y" 
947! 
(w+2)* | (y-3y_, 
16 o 
12. [9.1d] 13. [9.2a 
y yA 


x?+y?-4x+6y+4=0 
14. [9.3b] 
y 


16. [9.4a] (0, 3), (4,0) 
18. [9.4b] 16 ft by 12 ft 
20. [9.4b] 11 yd by 2 yd 


15. [9.la 


17. [9.4a] (4, 0), (—4, 0) 
19. [9.4b] $1200, 6% 


21. [(9.4b] Vom, V3m_ 22. [9.4a] B 


—6 2 —3 2 
23. [9.2a] i ) + Y ) =1 
25 9 


24. [9.1d] {(x, y)|(x — 8)? + y2 = 100} 25. [9.4b] 9 
26. [9.1b] (0, —*1) 


Cumulative Review: Chapters 1-9, p. 815 

1. [1.4c] {x|x = —-1}, or [-1, &) 

2. [1.6e] {x|x < —6.4o0rx > 6.4}, or (—00, —6.4) U (6.4, co 

3. [1.5a] {x|-1 = x < 6}, or[-1,6) 4. [3.2a], [3.3a] (—},5) 
5. [7.4c] -3,-2,2,3 6. [4.8a]-1,3 7. [5.5a] -3,3 

8. [6.6a]4 9. [4.8a] -7,-3 10. [7.2a] 4 ag! 
11. [8.6a] 1.748 12. [7.8b] {x|x < —lorx > 2}, 

or (—0o,-1) U(2,00) 13. [8.6b] 9 

14. [7.8a] {xlx = -lorx = 1}, or(—~, -1] U[1, ~) 
af 


4 


15. [8.6b]1 16. [5.7a] p = a 17. [3.5a] (—1, 2, 3) 
18. [9.4a] (1,2), (—1, 2), (1, -2,),(—1, -2) 19. [5.5a] -16 
20. [1.2a] N = oa 21. [8.1cl, [8.7b] (a) About 


80.52 billion ft?, about 84.94 billion ft; (b) about 39 yr; 
(c) NO 
100 + 


90 + 
80 a 
70. N(t) = 65(1.018)' 


60 + 
504% 


Amount of lumber 
(in billions of cubic feet) 


\ po 
t +—+—}—++ 

2 4 6 8 1012 14 16 & 

Years since 2000 


22. [8.7b] (a) A( t) = $50,000(1.04)* (b) $50,000; $58,492.93; 
$68,428.45; $74,012.21; 
(c) AM, 


$80,000 + 
70,000 -+ 
60,000 + 
50,000 +~A(t) = $50,000(1.04)! 


40,000 +- 
30,000 +- 


20,000 + 
10,000 + 


23. [4.2a] 2x3 — x2 -—8x-—3 24. [4.1d] -x2 + 3x2 -x-6 


2m—1 Ke 2 
25. [5.1d] 26. [5.2c] 27. [5.4al 
m+ 1 x+1 xX + 1 
3 
28. [5.3b, c] x3 + 2x2 — 2x +14 
x+ 1] 


29. [6.3b] 5x2Vy 30. [6.4a]11V2 31. [6.2d]8 

32. [6.8c] 16+ iV2 33. [6.8e] #5 + igi 

34. [2.4c], [2.6e] (a) $434.7 billion, $488.7 billion, $524.7 billion; 
(b) Ss 

$800 


600 


400 S(Q) = 18t + 344.7 


Total sales (in billions) 


) 5 10 #15 20 25 
Years since 2000 


(c) (0, 344.7); (d) 18; (e) an increase of $18 billion per year 
35. [2.6cly = 2x +2 36. [2.6d)y = —5x +3 


37. [2.5a] 38. [3.7b] 39. [9.2a] 
y y y 
x 
y<-2. 
x? y* 
Staal 


40. [9.1d] 41. [3.7c] 42. [9.3a] 
y y J 
x? + y* = 2,25 
x x 
x 
x? y? 
35 16 ~! 
43. [9.1d] 44, [7.6a] 45. [2.5c] 
y y y 


x= 3.5 


x 
f(x) = 2x" - 8x +9 


(x—-1)? + (y+1)?=9 


46. [9.1al] 47. [8.5c] 48. [8.3a] 
y y: y 
a2 
x=y't+1 james 
> > 
- a f(x) = log, x ” 
49. [4.3b] (x — 6) (2x3 +1) 50. [4.4a] 3(a — 9b) (a + 5D) 


. (x 

51. [4.4a] (x — 8) (x — 9) 
(9m? + n?) (3m + n) (3m — n) 

53. [4.6a] 4(2x — 1)* 54. [4.6d] 3(3a — 2) (9a? + 6a + 4) 
55. [4.5a,b] 2(5x — 2)(x +7) 56. [4.5a, b] 3x(2x — 1) (x + 5) 
57. [9.1d] Center: (8, —3); radius: V5 
58. [8.2c] f '(x) =$(x +3) 59. [5.8el4 60. [2.2b] —10 
61. [9.1b] 10 62. [9.1c] (1,—3) 63. [6.5b] aes «8a al 
64. [5.1a] (—00, —3)U(—},0)U(0,0c) 65. [4.8a] -1,3 
66. [1.4d] Morethan4 67. [3.4b]612mi__ 68. [1.3a] 113 
69. [3.4a] 24LofA;56LofB 70. [5.6c] 350 mph 
71. [5.6a] 82min 72. [5.8f]20 73. [9.4b] 5 ft by 12 ft 
74. [9.4b] Length: 20 ft; width: 15 ft 75. [7.7a] 1250 ft? 
76. [8.7b] 2397 yr 77. [5.8d] 3360 kg 
78. [2.6c] f(x) = —gx—-% 
79. (7.7b] f(x) = —tix? —Bx+4 80. [8.3b] logr = 6 
7/5 


yl/5z8/5 
83. [8.4d] —6log,x — 30logpy + 6logyz 84. [7.7a] 169 

85. [8.2b] No 86. [2.3a] (a) —5; (b) (—~%, ©); (c) —2, —-1, 1, 2; 
(d) [—7,00) 87. (a) [8.7b] P(t) = 1,998,257e°-9F; 

(b) [8.7b] 3,133,891; (c) [8.7b] about 2019 88. [5.5a] All real 
numbers exceptOand—12 889. [8.6b]81 90. [9.1d] Circle 
centered at the origin with radius |a| 91. [1.3a] 84 yr 


7\1/5 
81. [8.3b]3"=Q 82. [8.4d] log, (4) , or logy 
yZ 


APPENDIXES 
Exercise Set A, p. 824 


1. 68ft 3.45¢ 5. 165 725. a4 
Tt 


sec sec 
970 
11. 12yd 13. 16ft? 15. = 


19. 3080 ft/min 


25. Approximately 31,710 yr 27. 80 24 29. 172,800 sec 
in. 


17. 51.2 0z 
21. 96in. 23. Approximately 0.03 yr 


ton 
BL, 3f? 33, 1.08— 


yd3 


Appendixes A-39 


Exercise Set B, p. 829 


110 30 5-48 70 9-10 11-3 13.5 
15.0 17. (2,0) 19 (-3,-3) 21. (33) 23. (-4,3) 
25. (2,-1,4) 27. (1,2,3) 29. (3,-4,3) 31. (2,-2,1) 


Exercise Set C, p. 834 

1. (3,2) 3. (-4,3) 5. (3,3) 7. (10, -10) 

9. (3,-4.3) 11. (2,-2,1) 18. (0,2,1) 15. (4,4, -}) 
17. (w, x,y,z) = (1, -3, -2, -1) 


A-40 Answers 


Exercise Set D, p. 837 

1 3-41 5.12 722% 95 411.2 
13.x2-—x+1 15.21 17.5 19. —x3 + 4x2 + 3x—- 12 
21.42 23. -2 25.4 


2 
x 
27. x2 + 3x — 4;x2 — 3x + 453x3 — 4x2; 
3x -—4 
1 1 4x3 1 
29. a 4x3; 3. : 
x-2 x-2 X— 2 4x3(x - 2) 
3 5 3 5 15 3(4 — x) 
31. aa : q 


x—-2 4-x'x-2 4-—x'(x—2)(4—x)’ 5(x — 2) 


Glossary 


A 


Abscissa The first coordinate in an ordered pair of 
numbers 

Absolute value The distance that a number is from 0 on 
the number line 

ac-method A method for factoring trinomials of the 
type ax” + bx + c,a # 1, involving the product, ac, of 
the leading coefficient a and the last term c 

Additive identity The number 0 

Additive inverse A number's opposite; two numbers are 
additive inverses of each other if their sum is 0 

Algebraic expression An expression consisting of 
variables, numbers, and operation signs 

Ascending order When a polynomial in one variable is 
arranged so that the exponents increase from left to 
right, it is said to be in ascending order. 

Associative law of addition The statement that when 
three numbers are added, regrouping the addends 
gives the same sum 

Associative law of multiplication The statement that 
when three numbers are multiplied, regrouping the 
factors gives the same product 

Asymptote A line that a graph approaches more and 
more closely as x increases or as x decreases 

Axes Two perpendicular number lines used to locate 
points in a plane 

Axis ofsymmetry A line that can be drawn through a 
graph such that the part of the graph on one side of 
the line is an exact reflection of the part on the 
opposite side; also called line of symmetry. 


Base In exponential notation, the number being raised 
to a power 

Binomial A polynomial composed of two terms 

Break-even point In business, the point of intersection 
of the revenue function and the cost function 


Cc 


Circle The set of all points in a plane that are a fixed 
distance r, called the radius, from a fixed point (h, k), 
called the center 


Circumference The distance around a circle 

Coefficient The numerical multiplier of a variable 

Common logarithm A logarithm with base 10 

Commutative law of addition The statement that when 
two numbers are added, changing the order in which 
the numbers are added does not affect the sum 

Commutative law of multiplication The statement 
that when two numbers are multiplied, changing the 
order in which the numbers are multiplied does not 
affect the product 

Complementary angles Angles whose sum is 90° 

Completing the square Adding a particular constant to 
an expression so that the resulting sum is a perfect 
square 

Complex number Any number that can be named 
a + bi, where a and bare any real numbers 

Complex numberi The square root of —1; that is, 
i= V-landi? = -1 

Complex rational expression A rational expression that 
contains rational expressions within its numerator 
and/or denominator 

Complex-number system A number system that 
contains the real-number system and is designed so 
that negative numbers have defined square roots 

Composite function A function in which a quantity 
depends on a variable that, in turn, depends on 
another variable 

Compound inequality A statement in which two or 
more inequalities are joined by the word and or the 
word or 

Compound interest Interest computed on the sum of 
an original principal and the interest previously 
accrued by that principal 

Conic section A curve formed by the intersection of a 
plane and acone 

Conjugate of acomplexnumber The conjugate ofa 
complex number a + biis a — bi and the conjugate of 
a— biisa + bi. 

Conjugates of radical terms Pairs of radical terms, like 
Va + Vb and Va — Vb orc + Vdandc — Vd, 
for which the product does not have a radical term 


Conjunction A statement in which two or more 
sentences are joined by the word and 

Consecutive even integers Even integers that are two 
units apart 

Consecutive integers Integers that are one unit apart 

Consecutive odd integers Odd integers that are two 
units apart 

Consistent system of equations A system of equations 
that has at least one solution 

Constant A known number 

Constant function A function given by an equation of 
the form y = b, or f(x) = b, where bis a real number 

Constant of proportionality The constant in an 
equation of direct or inverse variation 

Coordinates The numbers in an ordered pair 

Cube root The number cis the cube root of a, written 
Wa, if the third power of cis a. 


D 


Decayrate The variable k in the exponential decay 
model P(t) = Pye 

Degree ofa polynomial The degree of the term of 
highest degree in a polynomial 

Degree ofaterm The sum of the exponents of the 
variables 

Dependent equations The equations in a system are 
dependent if one equation can be removed without 
changing the solution set. There are infinitely many 
solutions to the equations. 

Descending order When a polynomial is arranged so 
that the exponents decrease from left to right, it is said 
to be in descending order. 

Determinant The determinant of a two-by-two matrix 


ay byl, a, b 

: 1 is denoted |"! ° 1] and represents 
a2 bp a2 be 

a,b, _ azbo. 


Diameter A segment that passes through the center of 
a circle and has its endpoints on the circle 

Difference of cubes Any expression that can be written 
in the form A? — B° 

Difference of squares Any expression that can be 
written in the form A? — B? 

Direct variation A situation that gives rise to a linear 
function f(x) = kx, or y = kx, where kis a positive 
constant 

Discriminant The expression, b2 — 4ac, from the 
quadratic formula 

Disjoint sets Two sets with an empty intersection 

Disjunction A statement in which two or more 
sentences are joined by the word or 

Distributive law of multiplication over addition The 
statement that multiplying a factor by the sum of two 
numbers gives the same result as multiplying the 
factor by each of the two numbers and then adding 

Distributive law of multiplication over subtraction The 
statement that multiplying a factor by the difference of 


G-2 Glossary 


two numbers gives the same result as multiplying 
the factor by each of the two numbers and then 
subtracting 

Domain The set of all first coordinates of the ordered 
pairs in a function 

Doubling time The time necessary for a population to 
double in size 


E 


Elimination method An algebraic method that uses the 
addition principle to solve a system of equations 

Ellipse The set of all points in a plane for which the 
sum of the distances from two fixed points F; and Fy 
is constant 

Empty set The set without members 

Equation A number sentence that says that the 
expressions on either side of the equals sign, =, 
represent the same number 

Equation of direct variation An equation described by 
y = kx, with ka positive constant, used to represent 
direct variation 

Equation of inverse variation An equation described 
by y = k/x, with ka positive constant, used to 
represent inverse variation 

Equivalent equations Equations with the same solutions 

Equivalent expressions Expressions that have the same 
value for all allowable replacements 

Equivalent inequalities Inequalities that have the same 
solution set 

Evaluate To substitute a value for each occurrence of a 
variable in an expression 

Even root Whenthenumberkin YW is an even 
number, we say that we are taking an even root. 

Exponent In expressions of the form a”, the number n 
is an exponent. For 7 a natural number, a” represents 
n factors of a. 

Exponential decay model A decrease in quantity over 
time that can be modeled by an exponential function 
of the form P(t) = Pye, k > 0 

Exponential equation An equation in which a variable 
appears as an exponent 

Exponential function The function f(x) = a*, where a 
is a positive constant different from 1 

Exponential growth model An increase in quantity 
over time that can be modeled by an exponential 
function of the form P(t) = Poe*, k > 0 

Exponential growthrate The variable k in the 
exponential growth model P(t) = Poe** 

Exponential notation A representation of a number 
using a base raised to a power 


F 


Factor Verb: To write an equivalent expression that is a 
product. Noun: A multiplier 

Factorization of a polynomial An expression that 
names the polynomial as a product of factors 


Focus One of two fixed points that determine the 
points of an ellipse 

FOIL ‘To multiply two binomials by multiplying the 
First terms, the Outside terms, the Inside terms, and 
then the Last terms 

Formula An equation that uses numbers or letters to 
represent a relationship between two or more 
quantities 

Fraction equation An equation containing one or more 
rational expressions; also called a rational equation 

Function A correspondence that assigns to each 
member of a set called the domain exactly one 
member of a set called the range 


G 


Grade The measure of a road’s steepness 

Graph _ A picture or diagram of the data in a table; a line, 
curve, or collection of points that represents all the 
solutions of an equation 

Greatest common factor (GCF) The common factor of 
a polynomial with the largest possible coefficient and 
the largest possible exponent(s) 


H 


Half-life The amount of time necessary for half ofa 
quantity to decay 

Hyperbola The set of all points in a plane for which the 
difference of the distances from two fixed points F, 
and F» is constant 

Hypotenuse In aright triangle, the side opposite the 
right angle 


Identity property of 1 The statement that the product 
of a number and 1 is always the original number 

Identity property of 0 The statement that the sum ofa 
number and 0 is always the original number 

Imaginary number A number that can be named bi, 
where b is some real number and b # 0 

Inconsistent system of equations A system of 
equations for which there is no solution 

Independent equations Equations that are not 
dependent and there exists either one or no solution 

Independent variable The variable that represents the 
input of a function 

Index In the expression Wa, the number k is called the 
index. 

Inequality A mathematical sentence using <, >, =, =, 
or # 

Input A member of the domain ofa function 

Integers The whole numbers and their opposites 

Intercept The point at which a graph intersects the 
X- OF y-axis 

Intersection of sets A and B_ The set of all members that 
are common to A and B 

Interval notation The use ofa pair of numbers inside 
parentheses and brackets to represent the set of all 
numbers between those two numbers 


Inverse relation The relation formed by interchanging 
the coordinates of the ordered pairs in a relation 

Inverse variation A situation that gives rise to a 
function f(x) = k/x, ory = k/x, where kis a positive 
constant 

Irrational number A real number whose decimal 
representation neither terminates nor has a repeating 
block of digits and it can be represented as a quotient 
of two integers 


J 


Joint variation A situation that gives rise to an equation 
of the form y = kxz, where k is a constant 


L 


Leading coefficient The coefficient of the term of 
highest degree in a polynomial 

Leadingterm The term ofhighest degree in a polynomial 

Least common denominator (LCD) The least common 
multiple of the denominators 

Least common multiple (LCM) The smallest number 
that is a multiple of two or more numbers 

Legs In aright triangle, the two sides that form the right 
angle 

Like radicals Radicals having the same index and 
radicand 

Liketerms Terms that have exactly the same variable 
factors; also called similar terms 

Line ofsymmetry A line that can be drawn through a 
graph such that the part of the graph on one side of 
the line is an exact reflection of the part on the 
opposite side 

Linear equation Any equation that can be written in 
the form y = mx + bor Ax + By = C, where x andy 
are variables; also called axis of symmetry 

Linear function A function that can be described by an 
equation of the form y = mx + b, where x and y are 
variables 

Linear inequality An inequality whose related equation 
is a linear equation 

Logarithmic equation An equation containing a 
logarithmic expression 

Logarithmic function, base a _ The inverse of an 
exponential function f(x) = a* 


M 


Mathematical model A model in which the essential 
parts of a problem are described in mathematical 
language 

Matrix A rectangular array of numbers 

Maximum The largest function value (output) achieved 
by a function 

Minimum The smallest function value (output) 
achieved by a function 

Monomial A constant, or a constant times a variable or 
variables raised to powers that are nonnegative 
integers 
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Motion formula The formula 
Distance = Rate (or Speed) - Time 

Multiplication property of 0 The statement that the 
product of 0 and any real number is 0 

Multiplicative identity The number 1 

Multiplicative inverses Reciprocals; two numbers whose 
product is 1 


N 


Natural logarithm A logarithm with base e 

Natural numbers The counting numbers: 1, 2, 3, 4, 5, ... 

Negative integers The integers to the left of zero on the 
number line 

Nonlinear equation An equation whose graph is not a 
straight line 

Nonlinear function A function whose graph is not a 
straight line 


O 


Oddroot When the number kin aa is an odd number, 
we say that we are taking an odd root. 

One-to-one function A function for which different 
inputs have different outputs 

Opposite The opposite, or additive inverse, of anumber 
ais denoted —a. Opposites are the same distance from 
0 on the number line but on different sides of 0. 

Opposite of a polynomial To find the opposite of a 
polynomial, replace each term with its opposite—that 
is, change the sign of every term. 

Ordered pair A pair of numbers of the form (h, k) for 
which the order in which the numbers are listed is 
important 

Ordinate The second coordinate in an ordered pair of 
numbers 

Origin The point on a graph where the two axes intersect 

Output A member of the range ofa function 


P 


Parabola A graph of a quadratic function 

Parallellines Lines in the same plane that never 
intersect. Two lines are parallel if they have the same 
slope and different y-intercepts. 

Perfect square A rational number p for which there 
exists a number a for which a” = p 

Perfect-square trinomial A trinomial that is the square 
of a binomial 

Perimeter The sum of the lengths of the sides ofa 
polygon 

Perpendicular lines Lines that form a right angle 

Pi(z7) The number that results when the circumference 
of a circle is divided by its diameter; 7 ~ 3.14, or 22/7 

Point-slope equation An equation of the form 
y — y, = m(x — x1), where mis the slope and (xj, y;) 
is a point on the line 

Polynomial A monomial or a combination of sums 
and/or differences of monomials 
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Polynomial equation An equation in which two 
polynomials are set equal to each other 

Positive integers The natural numbers or the integers 
to the right of zero on the number line 

Prime polynomial A polynomial that cannot be 
factored using only integer coefficients 

Principal square root The nonnegative square root ofa 
number 

Principle of zero products The statement that an 
equation ab = O is true if and only if a = 0 is true or 
b = Ois true, or both are true 

Proportion An equation stating that two ratios are equal 

Proportional numbers Two pairs of numbers having 
the same ratio 

Pythagorean theorem In any right triangle, ifa and b 
are the lengths of the legs and c is the length of the 
hypotenuse, then a* + b? = c?. 


Q 


Quadrants The four regions into which the axes divide 
a plane 
Quadratic equation An equation of the type 
ax” + bx + c = 0, where a, b, and c are real-number 
constants anda > 0 
Quadratic formula The solutions of ax* + bx + c = 0 
—b+tv b — 4ac 
2a : 
Quadratic inequality A second-degree polynomial 
inequality in one variable 


are given by the equation x = 


R 


Radical equation An equation in which a variable 
appears in one or more radicands 

Radical expression An algebraic expression written 
with a radical 

Radical Thesymbol V ~ 

Radicand The expression written under the radical 

Radius A segment with one endpoint on the center of a 
circle and the other endpoint on the circle 

Range The set of all second coordinates of the ordered 
pairs in a function 

Rate The ratio of two different kinds of measure 

Ratio Any rational expression a/b 

Rational equation An equation containing one or more 
rational expressions; also called a fraction equation 

Rational expression A quotient of two polynomials 

Rational inequality An inequality containing a rational 
expression 

Rational number A number that can be written in the 
form p/q, where p and q are integers and q # 0 

Rationalizing the denominator A procedure for 
finding an equivalent expression without a radical in 
the denominator 

Realnumbers All rational and irrational numbers; the 
set of all numbers corresponding to points on the 
number line 


Reciprocal A multiplicative inverse. Two numbers are 
reciprocals if their product is 1. 

Rectangle A four-sided polygon with four right angles 

Relation A correspondence between a first set, called 
the domain, and a second set, called the range, such 
that each member of the domain corresponds to 
at least one member of the range 

Repeating decimal A decimal in which a number 
pattern repeats indefinitely 

Right triangle A triangle that includes a 90° angle 

Rise The change in the second coordinate between two 
points on a line 

Roster method A way of naming sets by listing all the 
elements in the set 

Run The change in the first coordinate between two 
points on a line 


Ss 


Scientific notation A representation of a number of the 
form M X 10”, where 7 is an integer, 1 = M < 10, 
and M is expressed in decimal notation 

Set Acollection of objects 

Set-builder notation The naming ofa set by describing 
basic characteristics of the elements in the set 

Similar terms Terms that have exactly the same 
variable factors; also called like terms 

Simplify To rewrite an expression in an equivalent, 
abbreviated, form 

Slope ‘The ratio of the rise to the run for any two points 
ona line 

Slope-intercept equation An equation of the form 
y = mx + b, where x and y are variables, the slope is 
m, and the y-intercept is (0, b) 

Solution A replacement for the variable that makes an 
equation or inequality true 

Solution of asystem of equations An ordered pair 
(x, y) that makes both equations true 

Solution of a system of linear inequalities An ordered 
pair (x, y) that is a solution of both inequalities 

Solution of a system of three equations An ordered 
triple (x, y, z) that makes all three equations true 

Solution set The set of all solutions of an equation, an 
inequality, or a system of equations or inequalities 

Solve ‘To find all solutions of an equation, an inequality, 
or a system of equations or inequalities; to find the 
solution(s) of a problem 

Square A four-sided polygon with four right angles and 
all sides of equal length 

Square ofanumber A number multiplied by itself 

Square root The number cis a square root of aif 
eC=n 

Standard form ofa quadratic equation A quadratic 
equation in the form ax? + bx + c = 0, wherea + 0 

Subsets Sets that are contained within other sets 

Substitute To replace a variable with a number 


Substitution method A nongraphical method for 
solving systems of equations 

Sum ofcubes An expression that can be written in the 
form A? + B° 

Sum of squares An expression that can be written in 
the form A? + B? 

Supplementary angles Angles whose sum is 180° 

Synthetic division A simplified process for dividing a 
polynomial by a binomial of the type x — a 

System of equations A set of two or more equations 
that are to be solved simultaneously 

System of linear inequalities A set of two or more 
inequalities that are to be solved simultaneously 


T 


Term Anumber, a variable, or a product or a quotient 
of numbers and/or variables 

Terminating decimal A decimal that can be written 
using a finite number of decimal places 

Trinomial A polynomial that is composed of three 
terms 

Trinomial square The square of a binomial expressed 
as three terms 


U 


Union ofsetsAand B The set of all elements belonging 
to Aand/or B 


Vv 


Value The numerical result after a number has been 
substituted into an expression 

Variable A letter that represents an unknown number 

Variation constant The constant in an equation of 
direct or inverse variation 

Vertex The point at which the graph of a quadratic 
equation crosses its axis of symmetry 

Vertical-line test The statement that a graph represents 
a function if it is impossible to draw a vertical line that 
intersects the graph more than once 


Ww 


Whole numbers’ The natural numbers and 0: 
O12 Byes 


X 


x-intercept The point at which a graph crosses the 
X-axis 


¥ 


y-intercept The point at which a graph crosses the 
y-axis 
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A 
Abscissa, 160 
Absolute value, 8, 15, 141 
and distance, 142 
equations with, 142-144, 146, 152 
inequalities with, 145-147, 152 
properties of, 141 
and radical expressions, 503, 
504, 569 
Absolute-value function, 645 
Absolute-value principle, 143, 152 
ac-method, 366 
Acidosis, 740 
Addition 
associative law, 41, 66 
commutative law, 40, 66 
of complex numbers, 559, 563 
of exponents, 54, 66, 513 
of functions, 835 
of logarithms, 714, 752 
on the number line, 12 
of polynomials, 328, 330 
of radical expressions, 527 
of rational expressions, 426, 427 
of real numbers, 12, 13 
Addition principle 
for equations, 75, 152 
for inequalities, 116, 152 
Additive identity, 13, 70 
Additive inverse, 14, 66. See also 
Opposites. 
of polynomials, 329 
Advance of a pipe, 556 
Algebra of functions, 835 
Algebraic expression, 32 
equivalent, 38 
evaluating, 34 
least common multiple, 425 
polynomial, 324, 325 
simplifying, 46-49 
terms of, 43 
translating to, 33 
value of, 34 


Algebraic-graphical connection, 248, 
342, 390, 413, 456, 542, 580, 595, 
732 
Alkalosis, 747 
Allowable replacements, 38 
And, 131 
Angles 
complementary, 258, 266 
supplementary, 258, 266 
Annually compounded interest, 678 
Aperture, 474 
Approximately equal to (~), 4 
Approximating solutions, quadratic 
equations, 596 
Approximating roots, 501 
Area 
circle, 37 
parallelogram, 37 
rectangle, 68 
square, 88 
trapezoid, 90 
triangle, 35 
Ascending order, 326 
Ask mode, 83 
Associative laws, 41, 66 
Asymptote of exponential function, 674 
Asymptotes of a hyperbola, 789 
At least, 119 
At most, 119 
Auto mode, 164 
Average speed, 477 
Average of two numbers, 93 
Axes, 160 
Axis of a hyperbola, 789 
Axis of symmetry, 624. See also Line of 


symmetry. 


B 

Back-substitution, 831 

Basal metabolic rate, 94 

Base 
of an exponential function, 673 
in exponential notation, 23 


of a logarithmic function, 704 
changing, 723 
Base-10 logarithms, 708 
Binomials, 326 
multiplication of, 336, 338 
squares of, 340 
Birth weight formulas, 95 
Body mass index, 88 
Braces, 26 
Brackets, 26 


Cc 
Calculator, see Graphing calculator 
Calculator Corner, 27, 61, 83, 164, 
168, 177, 199, 207, 246, 254, 
330, 339, 350, 391, 416, 419, 
430, 444, 455, 513, 542, 563, 
584, 596, 598, 644, 654, 676, 
680, 694, 715, 724, 726, 733, 
769, 774, 782, 792, 799. See also 
Graphing Calculator. 
Caloric requirement, 95 
Canceling, 416 
Carbon dating, 744 
Cartesian coordinate system, 161 
Catenary, 766 
Center 
circle, 772 
ellipse, 779 
hyperbola, 789 
Change, rate of, 202 
Change-of-base formula, 723 
Changing the sign, 48 
Changing units, 823 
Check the solution 
in equation solving, 75, 76, 453, 540, 
616, 734 
on a graphing calculator, 83, 
455 
of an inequality, 116 
in problem solving, 97 
Checking division, 436 
Checking a factorization, 43 
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Checking operations on a graphing 
calculator, 330, 339, 350, 416, 
419, 430, 444 
Chess ratings, 91 
Circle, 772 
area, 37 
circumference, 88 
equation of, 772, 807 
graphing, 772, 807 
Circumference, 88 
Clearing decimals, 80 
Clearing fractions, 79 
Coefficients, 77, 325 
Collecting like (or similar) terms, 46, 328 
Columns of a matrix, 830 
Combining like (or similar) terms, 
46, 328 
Common denominator, 79, 424, 427 
Common factor, 347 
Common logarithms, 708 
Common multiple, 79, 424 
Commutative laws, 40, 66 
Complementary angles, 258, 266 
Complete factorization, 348 
Completing the square, 585 
in the equation ofa circle, 773 
in graphing, 633 
Complex conjugates, 561, 569 
Complex numbers, 559 
addition, 559, 563 
conjugate, 561, 569 
division, 562, 563 
on a graphing calculator, 563 
multiplication, 559, 560, 563 
as solutions of equations, 564 
subtraction, 559, 563 
Complex rational expression, 443 
Complex-number system, 558, 559. 
See also Complex numbers. 
Composite function, 695, 696, 752 
and inverses, 697 
Composition of functions, 695, 696 
Compound inequalities, 129 
Compound interest, 678-680, 752 
Conductance, 22 
Conic sections, 766. See also Circle; 
Ellipse; Hyperbola; Parabola. 
Conjugate 
of a complex number, 561, 569 
of a radical expression, 537 
Conjunction, 130 
Consecutive integers, 103 
Consistent system of equations, 247, 262 
Constant, 32 
of proportionality, 478, 480 
Constant function, 210 
Constant term, 325 
Continuously compounded interest, 
741, 752 
Converting 
between decimal notation and sci- 
entific notation, 59 
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between exponential equations and 
logarithmic equations, 705 
dress sizes, 127 
temperature, 127 
Coordinate system, 161 
Coordinates, 160 
Correspondence, 174, 175 
Counting numbers, 2 
Cramer’s rule, 826-828 
Cross products, 464 
Cube roots, 504 
Cube-root function, 505 
Cubes, factoring sum and difference 
of, 374, 376, 401 
Cubic function, 645 


D 
Decay model, exponential, 744, 752 
Decay rate, 744 
Decimal notation. See also Decimals. 
converting to scientific notation, 59 
repeating, 3 
terminating, 3 
Decimals, clearing, 80. See also Deci- 
mal notation. 
Degree 
of a polynomial, 325 
of aterm, 325 
Demand, 128 
Denominators 
least common, 424 
rationalizing, 535-537 
Dependent equations, 248, 262, 828 
Dependent variable, 167 
Descartes, René, 161 
Descending order, 326 
Determinants, 825 
and solving systems 
of equations, 826 
Dewpoint spread, 128 
Diagonals of a polygon, 352 
Difference 
of cubes, factoring, 374, 376, 401 
of functions, 835 
of logarithms, 715, 752 
opposite of, 48 
of squares, 341 
factoring, 372, 376, 401 
Dimension symbols 
calculating with, 822 
unit changes, 823 
Direct variation, 478, 489 
Directly proportional, 478 
Discriminant, 613, 661 
Disjoint sets, 132 
Disjunction, 133 
Distance 
and absolute value, 142 
on the number line, 142 
in the plane, 770, 807 
Distance (traveled) formula, 93, 103, 
274, 313, 465 


Distributive laws, 42, 66 
Dividend, 436 
Division 
of complex numbers, 562, 563 
definition, 16 
dividend, 436 
divisor, 436 
with exponential notation, 
55, 66, 513 
of functions, 835 
by a monomial, 435 
of polynomials, 435-440 
quotient, 436 
with radical expressions, 521 
of rational expressions, 418 
of real numbers, 16, 17 
and reciprocals, 18 
remainder, 436 
with scientific notation, 60 
synthetic, 438 
by zero, 17 
Divisor, 436 
Domain 
of a function, 174, 175, 188 
of a rational expression, 412 
of a relation, 175 
Doppler effect, 475 
Doubling time, 740, 741 
Draw feature on a graphing calculator, 
694, 774 


E 
e, 722, 752 
Earned run average, 477 
Elements of a matrix, 830 
Elimination method, 259, 263, 284, 
285 
Ellipse, 779-783, 807 
Empty set, 132 
Endpoints of an interval, 114 
Entries of a matrix, 830 
Equals sign (=), 32 
Equation, 32, 74. See also Formulas. 
with absolute value, 142-144, 
146, 152 
addition principle, 75, 152 
any real number a solution, 81 
of asymptotes of a hyperbola, 789 
checking the solution, 75, 76, 83, 
453, 455, 540, 616, 734 
ofa circle, 772, 807 
of direct variation, 478, 489 
of an ellipse, 779, 782, 807 
equivalent, 75 
exponential, 731 
false, 74 
fraction, 452 
graphs, see Graphs. 
of a hyperbola, 789, 792, 807 
with infinitely many solutions, 81 
of inverse variation, 480, 489 
linear, 163, 284 


logarithmic, 705, 733 
multiplication principle, 77, 152 
with no solution, 81 
nonlinear, 166 
of a parabola, 766, 807 
containing parentheses, 81 
point-slope, 218, 219, 229 
polynomial, 387 
quadratic, 387 
quadratic in form, 615 
radical, 540 
rational, 452 
reducible to quadratic, 615 
related, 301 
slope-intercept, 201, 229 
solution set, 74 
solutions of, 74, 161, 164, 564 
solving, see Solving equations 
systems of, 244. See also Systems 
of equations. 
true, 74 
Equivalent equations, 75 
Equivalent expressions, 38 
fraction, 39 
rational, 414 
Equivalent inequalities, 115 
Escape velocity, 477 
Evaluating determinants, 825 
Evaluating expressions, 34 
Evaluating functions, 327 
Even integers, consecutive, 103 
Even root, 506, 569 
Exponent, 23. See also Exponential 
notation; Exponents. 
Exponential decay model, 744, 752 
Exponential equality, principle of, 731 
Exponential equations, 731. See also 
Exponential functions. 
converting to logarithmic 
equations, 705 
solving, 731 
Exponential functions, 672, 673, 752. 
See also Exponential equations. 
graphs of, 673-676, 725 
asymptotes, 674 
y-intercept, 675 
inverse of, 704 
Exponential growth model, 741, 752 
Exponential growth rate, 741 
Exponential notation, 23. See also 
Exponents. 
and division, 55, 66, 513 
on a graphing calculator, 513 
and multiplication, 54, 66, 513 
and raising a power to a power, 56, 
66, 513 


and raising a product to a power, 57, 


66, 513 
and raising a quotient to a power, 
57, 66, 513 
Exponents 
addition of, 54, 66, 513 


on a graphing calculator, 513 
integers as, 23, 24 
irrational, 672 
laws of, 54—57, 66, 513 
and logarithms, 704 
multiplying, 56, 66, 513 
negative, 24 
of one, 24 
power rule, 56, 66, 513 
product rule, 54, 66, 513 
properties of, 54-57, 66, 513 
quotient rule, 54, 66, 513 
rational, 511-515, 569 
subtracting, 55, 66, 513 
of zero, 24 

Expressions 
algebraic, 32 
equivalent, 38 
evaluating, 34 
factoring, 43 
fraction, 39. See also Rational 

expressions. 

least common multiples, 424 
polynomial, 324, 325 
radical, 501 
rational, 412 
terms, 43 
value, 34 

Extraneous solution, 541 


F 
f-stop, 474 
Factor, 347. See also Factors. 
Factoring, 43, 347 
ac-method, 366 
common factors, 347 
completely, 347 
difference of cubes, 374, 376, 401 
difference of squares, 372, 376, 401 
by FOIL method, 362 
by grouping, 349, 373 
radical expressions, 519, 569 
solving equations by, 387 
strategy, 382 
sum of cubes, 374, 376, 401 
sum of squares, 376 
by trial-and-error, 354-357 
trinomial squares, 371, 401 
trinomials, 354-357, 362-367, 371, 401 
Factorization, 347 
Factors, 33, 43. See also Factor. 
False equation, 74 
False inequality, 113 
Familiarization in problem solving, 97 
First coordinate, 160 
Fitting a function to data, 224, 645 
Focal length, 474 
Foci of an ellipse, 779 
Focus, 779 
FOIL method 
of factoring, 362 
of multiplication, 338 


Force formula, 93 
Formula, 88 
basal metabolic rate, 94 
birth weight, 95 
body mass index, 88 
caloric requirement, 95 
change-of-base, 723 
chess ratings, 91 
compound interest, 679, 680, 752 
distance between points, 770, 807 
distance traveled, 93, 103 
Doppler effect, 475 
earned run average, 477 
f-stop, 474 
force, 93 
games in a sports league, 410 
geometric, see Inside back cover 
horsepower, 96 
for inverses of functions, 690 
midpoint, 771, 807 
motion, 93, 103, 274, 313, 465 
quadratic, 594, 661 
rational, 474 
relativity, 93 
simple interest, 37, 91 
solving, 89, 91, 474, 604-606 
Thurnau’s model, 95 
Young’s rule, 95 
Fraction, improper, 79 
Fraction, sign of, 18 
Fraction equations, see Rational 
equations 
Fraction exponents, see Rational 
exponents 
Fraction expressions. See also Rational 
expressions. 
equivalent, 39 
simplifying, 39 
Fraction notation, sign changes in, 18 
Fractions, clearing, 79 
Functions, 174, 175, 188 
absolute-value, 645 
addition of, 835 
algebra of, 835 
composite, 695, 696, 752 
constant, 210 
cube-root, 505 
cubic, 645 
difference of, 835 
division of, 835 
domain, 174, 175, 188 
evaluating, 327 
exponential, 672, 673, 752 
fitting to data, 224, 645 
graphs of, 178, 179 
horizontal-line test, 689 
input, 176 
inverse of, 690 
library of, 645, 738 
linear, 195, 645 
logarithmic, 704 
multiplication of, 835 
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notation, 176 
one-to-one, 688, 689 
output, 176 
polynomial, 324, 326 
product of, 835 
quadratic, 624, 633, 645 
quartic, 645 
quotient of, 835 
radical, 502 

range, 174, 175, 188 
rational, 412 
square-root, 502 
subtraction of, 835 
sum of, 835 

value of, 176, 177 
vertical-line test, 179 


G 
Games in a sports league, 410 
Golden rectangle, 612 
Grade, 201 
Graph, see Graphs 
Graphing calculator 
approximating solutions of 
quadratic equations, 596 
ask mode, 83 
auto mode, 164 
and change-of-base formula, 724 
checking operations, 330, 339, 350, 
416, 419, 430, 444 
checking solutions of equations, 83, 
455 
and circles, 774 
and complex numbers, 563 
and compound-interest formula, 680 
draw feature, 694, 774 
and ellipses, 782 
and exponential equations, 733 
and exponential functions, 676 
and exponential notation, 513 
and function values, 177 
graph styles, 339 
graphing equations, 168 
graphing functions, 179, 694, 726 
graphing parabolas, 769 
and grouping symbols, 27 
and hyperbolas, 792 
and intercepts, 207 
intersect feature, 246, 391 
and inverses of functions, 694, 769 
and logarithmic functions, 726 
and logarithms, 708, 715, 723 
and maximum and minimum 
values, 644 
and nonlinear systems of equations, 
799 
and order of operations, 27 
and parabolas, 769 
and polynomial inequalities, 654 
and quadratic equations, 391, 596, 
598 
and radical equations, 542 
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and rational exponents, 513 
roots, approximating, 501 
and scientific notation, 61 
and solutions of equations, 164 
and solving equations, 391, 542, 
584, 598, 733 
systems of, 246, 799 
and square roots, 501 
tables, 83, 164 
trace, 177 
value feature, 177 
zero feature, 391 


Graphs 


of absolute-value functions, 645 
of circles, 772, 774 
of cube-root function, 505 
of cubic functions, 645 
of direct-variation equations, 479 
of ellipses, 780, 782 
of equations, 163, 166, 168, 211 
systems of, 245 
of exponential functions, 673-676, 
725 
of functions, 178, 179 
and their inverses, 693, 694 
vertical-line test, 179 
on a graphing calculator, 168 
of horizontal lines, 209 
of hyperbolas, 790, 792 
of inequalities, 7, 113, 299, 301 
systems of, 299 
using intercepts, 206 
of inverse-variation equations, 481 
of inverses of functions, 693 
of linear equations, 163, 211 
using intercepts, 206 
using slope and y-intercept, 208 
of linear functions, 645 
of logarithmic functions, 705, 725, 726 
of nonlinear equations, 166 
of parabolas, 624-629, 633-637, 
767-769 
of quadratic functions, 624-629, 
633-637, 645, 767-769 
of quartic functions, 645 
of radical functions, 502 
slope, 198, 201, 229 
graphing using, 208 
and solving equations, 248, 249 
systems of, 245, 248 
of square-root functions, 502 
of systems of equations, 245, 248 
translations, 196, 627, 628, 675, 676 
of vertical lines, 210 
vertical-line test, 179 
x-intercept, 206, 580, 637, 780 
y-intercept, 197, 206, 637, 675, 780 


Greater than (>), 6 

Greater than or equal to (=), 7 
Grouping, factoring by, 349, 373 
Grouping method, factoring 


trinomials, 366 


Grouping symbols, 26, 27 
Growth model, exponential, 741, 752 
Growth rate, exponential, 741 


H 

Half-life, 744 

Half-plane, 299 

Hang time, 589, 605 

Height of a projectile, 348, 349, 352, 
369, 392, 400, 660 

Hooke’s law, 485 

Horizon, sighting to, 548 

Horizontal line, 209, 210, 229 

Horizontal-line test, 689 

Horsepower formula, 96 

Hyperbola, 789-792, 807 

Hypotenuse, 393 


I 
i, 558, 569 
powers of, 561 
Identity 
additive, 13, 70 
multiplicative, 39, 66 
Identity property of one, 13, 66 
Identity property of zero, 13, 66 
Imaginary numbers, 558, 569 
Improper fraction, 79 
Inconsistent system of equations, 247, 
262, 828 
Independent equations, 248, 262 
Independent variable, 167 
Index of a radical expression, 505 
Inequalities, 6, 113 
with absolute value, 145-147, 152 
addition principle for, 116, 152 
with “and,” 131 
checking solutions, 116 
compound, 129 
conjunction, 130 
disjunction, 133 
equivalent, 115 
false, 113 
graphs of, 7, 113, 299 
systems of, 303-307 
linear, 299 
multiplication principle for, 117, 152 
with “or,” 133 
polynomial, 653 
quadratic, 653 
rational, 657 
solution, 7, 113, 299 
solution set, 7, 113 
solving, 113, 115-119. See also 
Solving inequalities. 
systems of, 303-307 
true, 113 
Infinity (co), 114 
Input, 176 
Integers, 2 
consecutive, 103 
as exponents, 23, 24 


Intercepts 
of ellipses, 780 
of exponential functions, 675 
graphing using, 206 
of hyperbolas, 790 
of parabolas, 637 
x-, 206, 580, 637, 780 
y-, 197, 206, 637, 675, 780 
Interest 
compound, 678-680, 741, 752 
simple, 37, 91 
Intersect feature on a graphing 
calculator, 246, 391 
Intersection of sets, 129, 131, 152 
Interval notation, 114 
Inverse relation, 686, 687. See also 
Inverses of functions. 
Inverse variation, 480, 489 
Inversely proportional, 480 
Inverses 
additive, 14, 66. See also Opposites. 
of functions, 690 
and composition, 697 
exponential, 704 
logarithmic, 709, 723 
multiplicative, 17, 66. See also 
Reciprocals. 
of relations, 686, 687 
Irrational numbers, 4 
as exponents, 672 


J 


Joint variation, 483 


K 

kth roots 
of quotients, 522 
simplifying, 519 


L 
Law(s) 
associative, 41, 66 
commutative, 40, 66 
distributive, 42, 66 
of exponents, 54-57, 66, 513 
LCD, see Least common 
denominator 
LCM, see Least common multiple 
Leading coefficient, 325 
Leading term, 325 
Least common denominator 
(LCD), 424 
Least common multiple (LCM), 424 
Legs of a right triangle, 393 
Less than (<), 6 
Less than or equal to (S), 7 
Library of functions, 645, 738 
Light-year, 65 
Like radicals, 527 
Like terms, 46, 328 
Line of symmetry, 624, 636, 661 
Linear equations in three variables, 284 


Linear equations in two variables, 163. 
See also Linear functions. 
graphs of, 163, 211 
point-slope, 218, 219, 229 
slope-intercept, 201, 229 
systems of, 244, 284 
Linear functions, 195, 645. See also 
Linear equations. 
Linear inequality, 299. See also 
Inequalities. 
Linear programming, 306 
Lines 
equations of, see Linear equations 
horizontal, 209, 210, 229 
parallel, 211, 229 
perpendicular, 212, 229 
slope of, 198, 201, 229 
vertical, 210, 229 
Lithotripter, 783 
In, see Natural logarithms 
log, see Common logarithms 
Logarithm functions, see Logarithmic 
functions 
Logarithmic equality, principle of, 732 
Logarithmic equations, 705, 733 
converting to exponential 
equations, 705 
solving, 706, 733 
Logarithmic functions, 704. See also 
Logarithms. 
graphs, 705, 725, 726 
inverse of, 709, 723 
Logarithms, 704, 752. See also 
Logarithmic functions. 
base a of a, 708, 752 
base a of 1, 707, 752 
base e, 722 
base 10, 708 
of the base to a power, 717, 752 
on acalculator, 708, 723 
change-of-base formula, 723 
common, 708 
difference of, 715, 752 
and exponents, 704 
Napierian, 722 
natural, 722 
of one, 707 
of powers, 714, 752 
of products, 714, 752 
properties of, 714-717, 752 
of quotients, 715, 752 
sum of, 714, 752 
Loudness of sound, 738 


M 
Magic number, 333 
Mathematical model, 223, 645 
Matrices, 830 

row-equivalent, 833 
Matrix, 830. See also Matrices. 
Maximum value of quadratic 

function, 627, 644 


Midpoint formula, 771, 807 
Mil, 69 
Minimum value of quadratic function, 
627, 644 
Missing terms, 337, 437 
Mixture problems, 272 
Model, mathematical, 223, 645 
Monomials, 324 
as divisors, 435 
multiplying, 336 
Motion formula, 93, 103, 274, 
313, 465 
Motion problems, 103, 274, 465 
Multiple, least common, 424 
Multiplication 
associative law, 41, 66 
of binomials, 336, 338 
commutative law, 40, 66 
of complex numbers, 559, 560, 563 
distributive laws, 42, 66 
with exponential notation, 
54, 66, 513 
of exponents, 56, 66, 513 
of expressions, 42 
of functions, 835 
by 1, 39, 414 
by -1, 47, 66 
of monomials, 336 
of polynomials, 336-341 
of radical expressions, 518, 528 
of rational expressions, 414 
of real numbers, 16, 17 
with scientific notation, 59 
Multiplication principle 
for equations, 77, 152 
for inequalities, 117, 152 
Multiplicative identity, 39, 66 
Multiplicative inverse, 17, 66. See also 
Reciprocals. 
Multiplying by 1, 39, 414 
Multiplying by -1, 47, 66 


N 
Napierian logarithms, 722 

Natural logarithms, 722 

Natural numbers, 2 

Nature of solutions, quadratic 
equation, 613 

Negative exponents, 24 

Negative integers, 2 

Negative number, 6 

square root of, 500, 501 

Negative one 

multiplying by, 47, 66 

property of, 47, 66 

Negative rational exponents, 512, 569 
Negative square root, 500 

Nonlinear equations, 166 

systems of, 797 

Notation 

decimal, 3 

exponential, 23 
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function, 176 
composite, 695 
inverse, 688 

interval, 114 

radical, 501 

scientific, 58, 66 

set, 2,3, 114 

Number line, 2 
addition on, 12 
distance on, 142 

Numbers 

complex, 559, 569 

counting, 2 

imaginary, 558, 569 

integers, 2 

irrational, 4 

natural, 2 

negative, 6 

opposites, 2, 14 

positive, 6 

rational, 3 

real, 2,5 

signs of, 15 

whole, 2 


oO 
Odd integers, consecutive, 103 
Odd root, 505, 506, 569 
Offset of a pipe, 556 
Ohm's law, 479 
One 
as an exponent, 24 
identity property of, 13, 66 
logarithm of, 707 
multiplying by, 39, 414 
removing a factor of, 415 
One-to-one function, 688, 689 
Operations, checking on a graphing 
calculator, 330, 339, 350, 416, 
419, 430, 444 
Operations, order of, 25, 27 
Operations, row-equivalent, 833 
Opposites, 2, 14, 66 
and absolute value, 8, 15 
and changing the sign, 48 
of a difference, 48 
and least common multiples, 426 
of polynomials, 329 
in rational expressions, 417 
and subtraction, 15 
sum of, 14, 66 
Or, 134 
Order of operations, 25, 27 
Order of real numbers, 6 
Ordered pair, 160 
Ordered triple, 284 
Ordinate, 160 
Origin, 160 
Output, 176 


P 


Pair of equations, see Systems of 
equations 
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Pairs, ordered, 160 
Parabola, 624, 766 
axis of symmetry, 624 
equations of, 766, 807 
graphs of, 624-629, 633-637, 
767-769 
intercepts, 637 
line of symmetry, 624, 636, 661 
vertex, 624, 636, 661 
Parallel lines, 211, 229 
Parallelogram, 37 
Parentheses, 25, 26 
in equations, 81 
removing, 48 
Pendulum, period, 549, 604 
Perfect square, 503 
Perfect-square trinomial, 370. See also 
Trinomial square. 
Perimeter 
rectangle, 50 
square, 88 
Period of a pendulum, 549, 604 
Perpendicular lines, 212, 229 
pH, 739 
Plane, 160 
Plotting points, 160 
Point-slope equation, 218, 219, 229 
Points on a plane, 160 
Polygon, diagonals, 352 
Polynomial, 324, 325. See also Polyno- 
mial function. 
addition of, 328 
additive inverse, 329 
ascending order, 326 
binomial, 326 
coefficients, 325 
combining (or collecting) like 
terms, 46 
constant term, 325 
degree of, 325 
degree of a term, 325 
descending order, 326 
division of, 435-438 
synthetic, 438-440 
factoring, 347 
ac-method, 366 
common factors, 347 
completely, 348 
difference of cubes, 374, 376, 401 
difference of squares, 372, 376, 401 
by FOIL method, 362 
by grouping, 349, 373 
strategy, 382 
sum of cubes, 374, 376, 401 
sum of squares, 376 
by trial and error, 354-357 
trinomial squares, 371, 401 
trinomials, 354-357, 362-367, 
371, 401 
factorization, 347 
leading coefficient, 325 
leading term, 325 
monomial, 324 


multiplication, 336-341 
in one variable, 325 
opposite, 329 
prime, 348 
in several variables, 325 
subtraction, 329, 330 
terms, 325 
trinomials, 326 
Polynomial equation, 387 
Polynomial function, 324, 327. See 
also Polynomial. 
evaluating, 327 
Polynomial inequality, 653 
Population decay, 744 
Population growth, 741 
Positive numbers, 6 
integers, 2 
Power raised to a power, 56, 66, 513 
Power rule 
for exponents, 56, 66, 513 
for logarithms, 714, 752 
Powers 
of i, 561 
logarithm of, 714, 752 
principle of, 540, 569 
Powers, principle of, 540, 569 
Prime polynomial, 348 
Principal square root, 500, 503 
Principle 
absolute-value, 143, 152 
addition 
for equations, 75, 152 
for inequalities, 116, 152 
of exponential equality, 731 
of logarithmic equality, 732 
multiplication 
for equations, 77, 152 
for inequalities, 117, 152 
of powers, 540, 569 
of square roots, 582, 661 
work, 461, 489 
of zero products, 387, 401 
Problem solving, five-step strategy, 97 
Product. See also Multiplication. 
of functions, 835 
logarithms of, 714, 752 
of polynomials, 336-341 
of rational expressions, 414 
raising to a power, 57, 66, 513 
of sums and differences, 340, 341 
Product rule 
for exponents, 54, 66, 513 
for logarithms, 714, 752 
for radicals, 518 
Properties of absolute value, 141 
Properties of exponents, 54-57, 66, 513 
Properties, identity 
of one, 39, 66 
of zero, 13, 66 
Properties of logarithms, 714-717, 752 
Properties of square roots, 500 
Property of -1, 47, 66 
Proportion, 463 


Proportional, 463 

directly, 478 

inversely, 480 
Proportionality, constant of, 478, 480 
Pythagorean theorem, 393, 551, 569 


Q 
Quadrants, 161 
Quadratic equations, 387. See also 
Quadratic functions. 
approximating solutions, 596 
discriminant, 613, 661 
reducible to quadratic, 615 
solutions, nature of, 613 
solving, 596 
by completing the square, 
586-588 
by factoring, 387 
graphically, 391, 598 
using principle of square 
roots, 582 
using principle of zero 
products, 387 
using quadratic formula, 
595-598 
standard form, 580, 581 
writing from solutions, 614 
Quadratic in form, equation, 615 
Quadratic formula, 594, 661 
Quadratic functions 
fitting to data, 645 
graphs of, 624-629, 633-637, 645, 
767-769 
intercepts, 637 
maximum value of, 627, 644 
minimum value of, 627, 644 
Quadratic inequalities, 653 
Quartic function, 645 
Quotient 
of functions, 835 
kth roots of, 522 
logarithm of, 715, 752 
of polynomials, 436 
raising to a power, 57, 66, 513 
of radical expressions, 521 
of rational expressions, 418 
roots of, 522, 569 
Quotient rule 
for exponents, 55, 66, 513 
for logarithms, 715, 752 
for radicals, 521 


R 
Radical, 501 
Radical equations, 540 
Radical expressions, 501 
and absolute value, 503, 504, 569 
addition of, 527 
conjugates, 537 
dividing, 521 
factoring, 519, 569 
index, 505 


like, 527 
multiplying, 518, 528 
product rule, 518 
quotient rule, 521 
radicand, 501 
rationalizing denominators, 
535-537 
simplifying, 506, 514, 569 
subtraction of, 527 
Radical function, 502 
Radical symbol, 501 
Radicals, see Radical expressions 
Radicand, 501 
Radius, 772 
Raising a power to a power, 56, 66, 513 
Raising a product to a power, 
57, 66, 513 
Raising a quotient to a power, 
57, 66, 513 
Range 
of a function, 174, 175, 188 
ofa relation, 175 
Rate, 463 
of change, 202 
exponential decay, 744 
exponential growth, 741 
Ratio, 463 
Rational equations, 452 
Rational exponents, 511-515, 569 
Rational expressions, 412 
addition, 426, 427 
complex, 443 
dividing, 418 
domain, 412 
equivalent, 414 
multiplying, 414 
not defined, 412 
opposites in, 417 
reciprocal of, 418 
simplifying, 415 
subtraction, 426, 427 
Rational formula, 474 
Rational function, 412 
Rational inequalities, 657 
Rational numbers, 3 
as exponents, 511-515, 569 
Rationalizing denominators, 535-537 
Real numbers, 2, 5 
addition, 12, 13 
division, 16, 17 
multiplication, 16, 17 
order, 6 
subsets, 2, 5, 559 
subtraction, 15 
Reciprocals, 17, 66 
and division, 18 
and exponential notation, 512 
of rational expressions, 418 
Rectangle 
area, 68 
golden, 612 
perimeter, 50 


Rectangular solid, volume, 70 
Reducible to quadratic equations, 615 
Reflection, 693 
Related equation, 301 
Relation, 175, 188, 686 

inverse, 686, 687 
Relativity formula, 93 
Remainder, 436 
Removing a factor of 1, 415 
Removing parentheses, 48 
Repeating decimals, 3 
Replacements, allowable, 38 
Resistance, 475 
Right triangle, 393 
Rise, 198 
Road-pavement messages, 552 
Roots 

approximating, 501 

cube, 504 

even, 506, 569 

odd, 505, 506, 569 

square, 500 
Roster notation, 2 
Row-equivalent matrices, 833 
Row-equivalent operations, 833 
Rows of a matrix, 830 
Run, 198 


Ss 
Scientific notation, 58, 66 
on acalculator, 91 
converting to decimal notation, 59 
dividing with, 60 
multiplying with, 59 
Second coordinate, 160 
Second-order determinant, 825 
Semiannually compounded 
interest, 679 
Set-builder notation, 3, 114 
Set(s), 2 
disjoint, 132 
empty, 132 
intersection, 129, 131, 152 
notation, 2, 3, 114 
of numbers, 2 
solution, 7 
subset, 2 
union, 133, 134, 152 
Sighting to the horizon, 548 
Sign of a fraction, 18 
Signs 
changing, 48 
in fraction notation, 18 
of numbers, 15 
Similar terms, 46, 328 
collecting (or combining), 46, 328 
Simple interest, 37, 91 
Simplifying 
algebraic expressions, 46-49 
complex rational expressions, 
443, 445 
fraction expressions, 39 
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kth roots, 519 
radical expressions, 506, 514, 569 
rational expressions, 415 
Skidding car, speed, 549 
Slope, 198, 201, 229 
graphing using, 208 
of a horizontal line, 209, 210, 229 
not defined, 210 
of parallel lines, 211, 229 
of perpendicular lines, 212, 229 
as rate of change, 202 
of a vertical line, 210 
zero, 209 
Slope-intercept equation, 201, 229 
Solution sets 
of equations, 74 
of inequalities, 7, 113 
Solutions 
of equations, 74, 161, 164, 564 
extraneous, 541 
of inequalities, 7, 113, 299 
nature of, quadratic equations, 613 
of system of equations, 244, 284 
of systems of inequalities, 303 
writing equations from, 614 
Solving equations, 74 
with absolute value, 142-144, 
146, 152 
using addition principle, 75, 152 
checking the solutions, 75, 76, 453, 
540, 616, 734 
clearing decimals, 80 
clearing fractions, 79 
exponential, 731 
by factoring, 387 
graphically, 248, 249, 391, 548 
logarithmic, 706, 733 
using multiplication principle, 
77, 152 
containing parentheses, 81 
procedure, 82 
quadratic, 596 
by completing the square, 
586-588 
by factoring, 387 
graphically, 391, 598 


using principle of square roots, 582 


using principle of zero products, 
387 
using quadratic formula, 595-598 
quadratic in form, 615 
radical, 540-545 
rational, 452 
reducible to quadratic, 615 
systems, see Systems of equations 
Solving formulas, 89, 91, 474, 604-606 
Solving inequalities, 113, 115-119 
with absolute value, 145-147, 152 
polynomial, 653 
rational, 657 
systems of, 303-307 


Solving problems, five-step strategy, 97 
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Solving systems of equations, see 
Systems of equations 
Sound 
loudness, 738 
speed, 546 
Special products of polynomials, 
338-341 
Speed 
average, 477 
of a skidding car, 549 
of sound, 546 
Sphere, volume, 93 
Square 
area, 88 
perimeter, 88 
Square, completing, 585 
Square roots, 500 
approximating, 501 
negative, 500 
of negative numbers, 500, 501 
principal, 500, 503 
principle of, 582, 661 
properties, 500 
Square-root function, 502 
Squares 
of binomials, 340 
differences of, 341, 372 
perfect, 503 
sum of, 376 
Squaring a number, 500 
Standard form 
of circle equations, 772, 807 
of ellipse equations, 779, 782, 807 
of hyperbola equations, 789, 807 
of quadratic equations, 580, 581 
State the answer, 97 
Subscripts, 475 
Subset, 2 
Substituting, 34 
Substitution method, 253 
Subtraction 
additive inverses and, 15, 329 
of complex numbers, 559, 563 
definition, 15 
difference, 15 
of exponents, 55, 66, 513 
of functions, 835 
of logarithms, 715, 752 
opposites and, 15, 329 
of polynomials, 329, 330 
of radical expressions, 527 
of rational expressions, 426, 427 
of real numbers, 15 
Sum 
of cubes, factoring, 374, 376, 401 
of functions, 835 
of logarithms, 714, 752 
of opposites, 14, 66 
of polynomials, 328, 330 
of squares, 376 
Sum and difference, product of, 
340, 341 


Supplementary angles, 258, 266 
Supply and demand, 128 
Symmetry, line of, 624, 636, 661 
Synthetic division, 438 
Systems of equations, 244, 284 
consistent, 247, 262 
with dependent equations, 
248, 262, 828 
graphs of, 245 
inconsistent, 247, 262, 828 
with independent equations, 248, 262 
with infinitely many solutions, 247, 
248, 262 
with no solution, 246, 248, 261, 262 
nonlinear, 797 
solution of, 244, 284 
solving 
comparing methods, 263 
Cramer’s rule, 826-828 
elimination method, 259, 263, 
284, 285 
graphically, 245, 246 
using matrices, 830 
substitution method, 253 
Systems of inequalities, 303-307 


T 
Tables on a graphing calculator, 
83, 164 
Temperature, wind chill, 557 
Temperature conversion, 127 
Terminating decimals, 3 
Terms 
of algebraic expressions, 43 
coefficients of, 77, 325 
collecting (or combining) like, 46 
constant, 325 
degree of, 325 
leading, 325 
like, 328 
missing, 337, 437 
of a polynomial, 325 
similar, 328 
Theorem, Pythagorean, 393, 551, 569 
Third-order determinant, 825 
Thurnau’s model, 95 
Total-value problems, 268 
Trace feature on a graphing 
calculator, 177 
Translating 
to algebraic expressions, 33 
in problem solving, 97, 119 
Translations of graphs, 196, 627, 628, 
675, 676 
Trapezoid, area, 90 
Travel of a pipe, 556 
Trial-and-error factoring, 354-357 
Triangle 
area, 35 
right, 393 
Trinomial square, 370 
factoring, 371, 401 


Trinomials, 326 


factoring, 354-357, 362-367 


square, 370 
Triple, ordered, 284 
True equation, 74 
True inequality, 113 


U 

Undefined slope, 210 
Union, 133, 134, 152 

Units, changing, 823 


V 
Value of an expression, 34 
Value of a function, 176, 177 
Value feature on a graphing 
calculator, 177 

Variable, 32 

dependent, 167 

independent, 167 

substituting for, 34 
Variation 

direct, 478, 489 

inverse, 480 

joint, 483 


Variation constant, 478, 480 

Velocity, escape, 477 

Vertex of a parabola, 624, 636, 661. 
See also Vertices. 

Vertical line, 210, 229 

Vertical-line test, 179 


Vertices. See also Vertex of a parabola. 


of an ellipse, 780 

of a hyperbola, 789 

of a system of inequalities, 306 
Volume 

rectangular solid, 70 

sphere, 93 


WwW 

Walking speed, 747 

Whispering gallery, 783 

Whole numbers, 2 

Wildlife populations, estimating, 470 
Wind chill temperature, 557 

Work principle, 461, 489 

Work problems, 460 


X 
x-axis, 161 
x-intercept, 206, 580, 637, 780 


Y 

y-axis, 161 

y-intercept, 197, 206, 637, 675, 780 
Young’s rule, 95 


Z 
Zero 
division by, 17 
as an exponent, 24 
identity property of, 13, 66 
slope, 209 
to the zero power, 24 
Zero feature on a graphing 
calculator, 391 
Zero products, principle of, 387, 401 


Index 1-9 


Geometric Formulas 


PLANE GEOMETRY 


Rectangle 
Area: A= 1-w 
Perimeter: P= 2-1+2-w 


L 


Square 
Area: A = s 
Perimeter: P = 4-5 


L 


Triangle 
Area: A=5-b-h 


Sum of Angle Measures 
A+ B+ C= 180° 


Right Triangle 
Pythagorean Theorem: 
a* + b* = c2 


Parallelogram 
Area: A= b-h 


Trapezoid 
Area: A =3-h- (a+b) 


Circle 
Area: A = 7: r2 
Circumference: 


C=7-d=2:-7:'-r 
(7? and 3.14 are different 
approximations for 7) 


OoWVy/ 


SOLID GEOMETRY 


Rectangular Solid 
Volume: V=1-w-h 


Cube 
Volume: V = s? 


Right Circular Cylinder c 
Volume: V= 7-r?-h 

Surface Area: h 
S=2:a-r-ht+2-qa-1r? 


Right Circular Cone 
Volume: V=4-7-1r2-h 
Surface Area: S= am-r?+7-1r-s 


Sphere 


Volume: V = - im 


Surface Area: S= 4+ 7-1? 


